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PEEFACE. 



In presenting a second instalment of the translation of the 
Lehrbuch der vergleichenden Entivicklungsgeschichtc der vrir- 
bellosen Thiere to students of Zoology, I feel that an apology 
is due to them for the long interval of time that has elapsed 
since the appearance of the first part. Professors Mark and 
Woodworth, the translators of Vol. I., found themselves 
unable to spare time to continue the translation, and others 
who subsequently undertook the work were for similar reasons 
obliged to relinquish it. Consequently the book came into 
the hands of the present translator and editor only last year ; 
and although we have endeavoured to push the work forward 
as quickly as possible, the task of translating, printing, and 
editing has necessarily consumed a considerable time. The 
whole work, however, is now w^ell in hand, and, in issuing 
Vol. II., we can confidently hope that no long period will 
elapse before the production of Vols. III. and IV., the former 
being already in the press. 

It will be noticed that the order of the subject-matter has 
been changed. In its original form the Text-book is divided 
into three parts of unequal size. That already translated 
(Part I.) is much smaller than either of the remaining parts. 
We have consequently found it necessary to divide the second 
and third parts of the original into three. In doing so we 
were faced by a difficulty. If the original sequence of the 
chapters was to be retained, each part could not be made 
complete in itself unless the relative size of the volumes was 
left out of consideration. It was therefore thought preferable 
to alter slightly the original sequence of the chaptera. Those 
dealing with the Phoronidea, the Bryozoa Ectoprocta and 



Entoprocta, and the Bnicliiopoda have therefore been removed 
from the end of Part III. (Vol. IV. of the English edition), 
and placed at the couimenceuient of Vol. 11., which part 
containB, in addition, the CruBtacea proper and the Palaeostraca. 
I do not think there can he any serious objection to this 
change, inasmuch as the four groups mentioned probably find 
a natural resting-place uear to the Annelida, which were dealt 
with in Part I., while they have little, if any, relation to the 
MoIluBCiin phylum treated in Part III. In all other respects 
the original text has been adhered to as closely as possible ; 
but it has occasionally been found necessary to rewrite certain 
paragraphs which, when translated, appeared somewhat in- 
volved and obscure. In such cases the motive of the original 
has been adhered to as far as possible, tlie sentences, however, 
being entirely recast. 

Additional notes have l.>een added relating to the most 
im]H)rtaut of the many fresh obser\-Rtions which have been 
made since the origiual work appeared. Such additional 
matter has been placed iu footnotes, distinguished from the 
footnotes of the authors by being enclosed in square bmckets. 
A considerable numlter of additional references have also been 
given; and these are placed with the Literature at the end 
of each chapter under the form of Appendices, and, as in 
Vol. I., numbered with Eoman numerals, But even these 
additions could now be added to. For instance, since going 
to press a short note on tlie early development of Pkorom's 
by E. Schultz* has appeared, which might with advantage 
have been incorporated in this work. 

Although desirous, as far as possible, to use the same 
terminology as the translators of Vol. I., I have been compelled 
to differ from them in the rendering of the ever-recurring word 
"Anlage." This imjiortant term in Vol. I. is rendered by the 
word " fundament." Exception, with wliich I concur, has already 

* "Uelicr Mesoderm -btlduiig bei Phorouis," (kdyela, Oj^iak., Tryd. imb. 
.^'(. Ptl^rsbiirg, Obaheh. tatalv., T, xxviii., Vuip. 1. Tlio uiithar duals msinly 
with the rormutiuii of the megodenii, and controverta nil CaliiwcU'H oba«i-vation» 
relstis^ to tlic origin of thi« layer, whicli he mniutaiDr is t, niesenchyi 
ariCM in the blutiil& and gaatnila stages, moat con<ipicuously in the la 
■'""'"'" s primitive „ 

coelomic sacs tlje 
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been taken to the use of this term,* on the ground that the 
word fundament implies the solid basis or foundation upon 
which a structure rests or is built, whereas an "Anlage" is 
essentially a changing, growing structure, which, though at 
one time the foundation, when only the foundation exists, 
eventually gives rise to, or rather itself becomes transformed 
into, the fuUy- formed organ. 

Having thus decided against the continued use of this term, 
I found myself face to face with the responsibility of selecting 
one of the numerous terms which have at one time and another 
been put forward as the English equivalent of " Anlage," at the 
same time knowing full well that, whichever word was adopted, 
I should find a large nimiber of biologists against me, as nearly 
every teacher of note has proposed at least one word which 
he believes to l)e the only correct rendering of " Aiilage." 

Realising, then, the impossibility of satisfying everyone, 1 
thought it advisable to pass over all the numerous terms which 
have been recently suggested, none of which are really satis- 
factory, and to revert to that much-abused word rudiment. 
Most biologists will agree that the term rudiment, if it had 
not been misused by some of our most eminent zoologists, would 
undoubtedly be the best word by which we could render the 
German term " Anlage." Unfortunately, following the lead of 
Darwin and others, we have acquired the habit of applying the 
terms rudiment and rudimentary to certain structures present 
in the adult which, in consequence of their small size and 
frequent loss of function, have retained a somewhat embryonic 
stamp, thus preserving the outward appearance of a rudiment 
but losing its essential character, viz., its inherent tendency 
to further growth. These, then, are not rudiments, but 
arrested, reduced, vanishing, or vestigial structures, and should 
be spoken of as vestiges. Why, because Darwin unfortunately 

♦ See Nature, 1896, p. 361. 

P. C. Mitchell, '* Anlagen," Nat. ScL, vol. v., 1894. 

Dr. Willey {Nature, 1898, j». 390), who supports the use of the term 
primordittm, objects to the word rudiment on the ground that the latter has 
been regai-ded as the fii-st visible ** Anlage " of an organ. But who is to decide 
when a growing structure is first visible to the eye ? 

Professor Wilder {Science, 1898, p. 793), in a reply to Willey, advocates the 
use of the term proton: but to define this term he has to make use of the wonl 
nidiment. Thus he states that proton was employed "to designate the primitive, 
undifferentiated ma.s8 or nidiment of a [mrt." 



misapplied the word rudioieiilary, slioiild we necessarily reganl 
this misuse as hallowed, and ever after refuse to use the woi-d 
ill its common sense ? To such an extent has this misuse of 
the word been carried, that even encyclopaedic dictionaries, 
after defining the word rudiment in such a manner as to prove 
that it is the very word we are seeking, as a rendering of the 
idea expressed by "Aiilage," give us, under the technical use 
of the word, " In Zoology, a part or organ, the development 
of wlilcli has been arrested (see Veaiige)." It would require 
but little trouble on the part of teachers of Biolc^y to reinvest 
the word rudiment with its proper meaning. By carefully 
insisting on the use of the words vestigium and vestigial, or 
their equivalents, tor all abortive or reduced structures met 
ivith in the adult animal, and restricting the terms rudiment 
and rudimentary to ail growing ajid developing tissues and 
organti, they could insure this result in a few years. We 
have by no means always rendered " Aniage" as rudiment, for 
we find that the German use of the term is not at all precise, 
and it was often possible to express the meaning Itetter by 
another English word. 

The extreme looseness with which some other terms, such 
as Vorderdarm, Mitteldarni, and Hinterdarm, are used in 
Gennau was unfortunately not recognised until too late. These 
words are for tlie most part translated by the equally vi^ue 
expressions fore-, mid-, and hind-gut. Throughout the Crustacea 
the fore-gut is co-extensive with the anterior ectodermal in- 
vi^ination, the stomodaeuni, and the liind-gut is similarly 
related to the corresponding posterior invagination, the procto- 
daeum ; the term mid-gut, however, is used in a more \'aried 
sense. While for the most part it is applied to the entire 
entodt-rnial rudiment, it is at times used for the entodermal 
tube afier the separation of the hepatic rudiment. As more 
piBcise terms. Professor E. Itay Lankester proposed the words 
enteron for the entodermal rudiment before the separation of 
the various entodermal derivatives, and metenteron for what 
ia left of the enteric sac as the central element of the 
alimentary canal after the separation of the outgrowths,* and 
* See Preraoe to Engtiah (ruisUttou of Gegeiilwur'a Blemanla a/ Comparative 
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these tenns might well be adopted in the Crustacea for the 
three divisions of the alimentary canaL In the Phoronidea, 
Bryozoa, and Brachiopoda, it is impossible to be so precise in 
our terminology, for the origin and homology of the various 
divisions of the alimentary canal in these forms are more or 
less obscure. This is notably the case in the adult Bryozoon, 
where it is quite impossible at present to interpret the parts 
of the canal, all of whicli appear to arise from the ectoderm. 
The use of the terms fore-, mid-, and hind-gut must not, 
consequently, in this group be regarded as implying any 
morphological homology with the similarly-named parts in the 
Crustacea, but only an analogy with those parts. 

All through this work the genital glands are spoken of as 
arising from, or in connection with, the mesoderm; and in 
places even the splanchnic or somatic layer of the mesoderm 
is specially mentioned as giving origin to the genital cells. 
These statements arose from the incompleteness of our know- 
ledge, at the time when this work was published, concerning 
the early history of the genital rudiment. A number of 
observations have, however, since been made on this point in 
various groups of Invertebrata, especially in different orders 
of worms and Arthropoda, which tend to show that the 
primitive genital cells are separated from the somatic portion 
of the embryo at an extremely early period in the cleavage 
of the egg. In fact, in some cases, directly after the tirst 
cleavage plane has appeared, it can definitely be pointed out 
which of the two spheres will give rise to the genital rudiment, 
although this cell will also form certain other rudiments, the 
actual isolation of the genital cell taking place somewliat 
later (as early as the 32-celled stage in Cyclops, according to 
Hacker). All these observations lend support to the belief 
that the invisible genital rudiment is from the first quite 
distinct from the somatic rudiment; the former, at all events, 
attains a visible distinction at a much earlier period than is 
assigned to it in this work (see also Vol. i, p. 12, footnote). 

MARTIN F. WOODWAKD. 

RoTAL College of Science, London. 
December, 1898. 
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Althouoh investigatora early drew nlC^ntion to the many structural 
features in which the genus Phoronii reaeiubles the Bryozoa, this form 
has nevertheless hitherto usually been cliissed with the Sipunculids. 
Recently, however, greater stress has been laid on its relatiunahip 
to the Bryozoa and the Bnichiopoda (Rav Lahkbstbr, CALDiniLL 
(No. I), Com (No. 4a)). It is chiefly in the anatomy of the adult 
that the resemblance between these groups ia found, hut the lari'il 
forms may also without difficulty he compared with one another. 

I. Embryonic Development. 

Our knowli^lge of the first ontogenetic ^^liij^es of Plioronis is due 
to the researclies of Kowalbvsky (No. 6), Mbtschnikoff (No. 9), 
FonriNOBR (No. 6), Roulk (No. 9a), and Caluwbll (No. 2). The 
latter author, whose description we shall follow in all important 
pointe, arrived at results which frequently differ from those of earlier 
investigators, bo that many points seem to require re-examination. 

The eggs of Phoronit, acconling to Kl>walsv8KV, are fertilised 
while still in the body-cavity of the parent." They reach the 
exterior through the nephridial canals which open near the anus 
and function as genital ducts, and then, enveloped in a vitelline 
membrane, liecome attached to the tentacles of the parent, where 
the young develop up to the time of batching. 

Cleavage is total and unequal ; the difference in size between the 
blastomeres of the animal and those of the vegetative pole is, how- 
ever, inconsidcTable. As early as the four-celled stage, two smaller 
Uostomeres can be distinguished from two larger; the eight-celled 
stage shows four smaller and four larger cleavage-spherea symmetri- 
eally arranged In the further course of this very regular cleavage. 




a smalJ central cavity derelups, anil iti this way n blaatiila forms 
wliich at tirst is aplierical oiid then becomes elongated iii the direction 
of the future longitudinal axis; in tliia blnstulo, a vegetative (ento- 
dermal) portion consisting of largi^r cells can be distinguished from 
a small-celled animal portion. Tlie longitudinal axis coincides with 
the plane which divides the animal half from the vegetative half- 

A true invagiiiation-gostrula then develojis (Fig. 1), the blastopore 

being origiuallj oval (Fig. 1 C), but its posterior [lortion Ijecomes 

alit-like and soon closes. The anterior part that has remained open 

]Teraist3 aa the oral 

Jl B ^^^^ aperture of the 




Jarva (or 
rectly, ai 
pliageal 
The 



jeUs 



the oeso- 
ipertute). 
the 



posterior closed |>ait 
of the blastopore aro 
found still later to 
Ite actively dividing, 
and, according to 
Caldwell, they take 
part in the formation 
of the mesoderm, thirt 
being especially the 
case near a dcpreseioii 
(Fig. 1 D, g) at the 
most iM>8terior part 
of the blastopore. 
Caldwkll compares 
Phorotiit in this re- 
spect to the Verte- 
brata, and calls the 
whole of this closed 
portion of the blasto- 
pore (Fig. 1 D) the primitive irireak, and the depresBion appearing 
in the latter the primitive ip-oove. 

Meanwhile, the emliryo clmnges somewhat in shape. Its anterior 
part becomes swollen (Fig. 1 D) as the first indication of the future 
pre-oral lube of the lan'a. The region of the primitive streak now 
lengthens greatly, so that the depression mentioned al«ve shifts 
quite to the posterior end of the embryo. The surface u|X)n which 
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the ltla«tojiore ia situated may be delineJ as tlie ventral surface 
and tlie opposite as the dorsal eurfoce. 

The mesoderm, ncconliug to Caldwell (No. 2) forms in a very 
peculiar way. In the region corresponding to the most anterior 
[lart of the primitive streak, the enlodenii-snc shows two lateral 
pocketflhaped outgrowths (Fig. 2 A, il), at the base of which meso- 
dermal elements {in') become detached through the proliferation of 
the entoderm -cells. When a conaidemhle nuniber of these nieso- 
dennal elements Lave Iwen formed, they arrange themselves into a 
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pair of BOOS, each enclosing a coelomtc cavity (Fig. 2 B, m'). This 
formation of paired coelomic sacs by the prnlifemtion of eells from 
tlie lateral walls of the archenteron may, peTha]>s, ]>e tniced hock 
to the ty]>e in which the enterocoeles uriae through folding of the 
iirchenteron. Further bock, single mesoderm-cells become separated 
from the primitive streak and jmsa into the sjxice between the 



i 



ectoderm aud eutoderui. At the most posterior part of the sti-eak 
lies the small pit mentioned above (Fig. 1 D, g ; Fig. 2 C, g); this 
depression soon gives rise to two lateral diverticula that extend 
anteriorly lx;tween the ectoderm and entoderm (Fig. 2 C, in'), and 
become the posterior coelomic eacs. The two pairs of coelomic sacs 
(w' and in') that thus arise are uonnected togetlier hy the isolated 
mesoderm -ce 11a which have arisen from the anterior part of the 
primitive streak. After the formation of the posterior pair of 
coelomic sacs, which may, perhaps, he in some way connected with, 
the formation of the nephridia, a shallow ectodermal depression 
forms posteriorly and fuses with the wal! of the archenteron, and 
liere the nnnl aperture arises. 

According to Metbchnikoff (No. 9] aud Foetiinoeb (No. 6], the mesoderm 
fornui miioh edrlier than is sUtod l>y Cai.i>wei.l, by n kind of [neaeuohynie. 
romiation, siiigle cells apjieaiiug in the cleuvsge-carily of the blastala-Htaige 
(Fig, I A, S, x]. These elements, according to the authora just uamed, are 
ratiier small, an that Caluwei.l's assumption that particks of protoplasm 
lying in the blostocoele hare here been misUken for niesoderm-i^lU appears 
somewhat probable. It is, however, jxissiblc that the formatioo of the coelomic 
BIOS is preceded by the rise of a mesenchyme. 

AciM)rding to Rodlk also (No. 9a), single tneaencbyme-cells are found as 
early as Ihe gastrula-sttige in the primary hodj-cavity. Later, after the anal 
aperture baa fnrnied, the cells of the primary entoderm are said to increase 
111 number nt tbo si<]es of the anus, and in tbia way to produce two solid 
mesoderm -l>anda, wbile siugle cells that heoome detached mingle with the rest 
of the mesenchyme. 

The anterior pair of coelomic sacs above described, which might 
be called cephalic cavities, now grow out anteriorly, and soon com- 
pletely fill the interior of tlie pre-oral lobe. These sacs seem to 
yield only the lophophoral cavities (Fig. 5, Ih) and the connected (1) 
cavity in the epietome (Fig. 5, eh) of the adult, which ore separated 
by a transverse septum from the jiosterior iK»rt of the body-cavity.* 
This latter is yielded by the posterior pair of coelomic sacs, from 
which also is derived the median mesentery suspending the intestine 
(Fig. 5, »w) which is retained tliroughout life. Secondary, lateral 
mesenteries, however, are also found. 

With the development of the pre-oral lobe, the principal sectiona 
of the alimentary canal and the coelomic sacs, the chief parts of 
the embryo are represented in rudiment, and now the whole surface 
becomea clothed with cilia. Thickening of the ectoderm now takes 

■ [AcoardinR to ilASTSEHAV [No. II,), tliere are three perfectly distinct 
coelomic oavidea in the larva, viz. — a pre-oral or eptstomal cavity, a collar- or 
lophophonl-nvity, and a trunk-Mvi^. Their origin is not described.— Ed.] 
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place at two definite ^loints. The itntertor thickening which occuriii 
at the apical end of the embryo (Figs, 3, 4 B) may Iw regarded as 
tlie homologue of the neural plate of other larvae, and yields the 
ganglion known 08 the brain,* which here, throughout life, retains its 
original epidennol connection. A second thickening of the ectodenn 
appears behind tlie mouth as a semicircular, ciliated swelling. From 
thifi, which may be regarded as the equivalent of the ]>oat-oral ciliated 
ring, the row of larval tentacles develojw (Figs. 3, 4 B), and also 
the nerve-strdnd that runs idong their points of insertion. The 
tentacles begin to ap|)ear early as outgrowthH of the botly-woU ; 
they rapidly increase in number, fresh pairs being added dorsally 
(Figs. 3, 4 B). If this row of tentacles is to he traced back to a 
transformation of a jiost-oral cihated ring, we may regard a strongly 
ciliated swelling appearing at the edge of the pre-oral lobe as the 
preKiral ciliated ring. The posterior part of the boily which carries 
the dorsally displaced anal aperture now grows out into a large 
cone, the end of which is surrounded by a circum-anal ciliated ring 
(Figs, 3, i C and D). Three body-regions can be distinguished in 
the larva, which must now be called the Aetinotroeha (Figa. 3, i B 
and C) — (1) the pre-oral lobe ; (2) the post-oral section which carries 
the crown of tentacles and covers the posterior part of the body 
like an apron ; and (3) the posterior or anal section. 

The changes just descritied, which lead to the development of 
the Aelinotrocha, take place after the commencement of free larval 
life. The youngest lorva, just hatched from the egg (Fig. 4 A), is 
still without the crown of tentacles, two small projections lying near 
the anus being the only indications of the tentacle-rudiments, t 

n. Hetamoiplioais. 

The Phoronis larva (Figs. 3 and 4 B), the shape of which has 
been described above, was discovered by .Toil, MCllbr and described 
OS Aclinolrwha Itranekiaia, and was afterwards more carefully 
examined by Waobkkr, Gbobnbaitr, and others. Krohij (Ko. T) and 
Schneider (No. 10) investigated the metaniorphosls which led to 
the production of a fiephyrean-like form, Kowalbvsky (So. 6) being 

' The pre-oral blw, togeilicr with tlie brain of the larva, is, as we eb&U fee 
below, thrown off during metaniorphosls. Since, liovcvcr, tlieao liarts aie 
numerated later, we itiaj itill theoretically trace tlieni bock to tile corre- 
tpooding parts of the larva. 

t [For the Btnictare of the Adituilrocha, bm Mastshman's recent work 
fVo. 11.) on this larval rami. These observationa, if contirnieil, would ihow 
that Phinmu u direotly related to Salam)glii$iiu, CiphaiodUcia, and Bkahdo- 
jAura.— Eo.] 
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6 PHORONIDEA. 

the first to prove llittt the Artinolrorha was the j'ouiig form of 
tLo Pliorotiu disicovered by Wright, Since that time, the meto- 
morphosie of Phoroms has lieen more accurately investigated by 
MffiflcHsiKOFF (No. 8), WiLBON (Xo. U), and Caldwbll (No. 1). 
The first changes tliat take place in the Aclinotrocha consist of 
a aiinple increase in size througli growth 
and a continual increase in number of 
the teDtflclea. At the mime time, a. 
sensory oi^n develops in front of the 
neural plate, four oye-apots being added 
to it ill one species. The pigmeiitrspots 
characteristic of the different species 
now also develop on the pre-oral lobe 
luid on the tent^icles. 

Rudiments now appear of the de- 
finitive structures that are destined to 
replace the larval oigans. Of these, 
the first to develop is an invagination 
Fill 3— ijirvd~fi')i<imi.i. r/fHii'^ °^ '^'^ body-wall on the ventral surfoco 
irtrjmj, after MinatiHBiiioiT, of the posterior region of the larval 
^tl."T«'«.''''"''^' ■"■ ^'^y (Fig- 4 C, ir), and in this the two 
layei-9 of the body-wall (the ectoderm 
and the soiiuitic mesoderm) can be distinguished. This invagination, 
which soon grows as a nitich-coiled tulte into the larval body-cavitj, 
represents, as we shall see, the rudiment of the greater part of the 
body-wall of the adult. Small truncated processes now develop at 
the base of the crown of tentacles, and from these are derived 
the adult tentacle.t (Fig. i D). 

When these stnicturea liavo ajipeared as rudiments, the Aetmo- 
trorka sinks to the bottom, the critical moment of the commencement 
of metamorphoHis having arrived, tlie whole process being accom- 
plished within a quarter of an hour. Metamorphosis is introduced 
by the evagination of the tube mentioned above (Fig. 4 D), this 
being proti'uded like the tentacle of a snail. Since the alimentary 
canal, together witli its mesentery, is attached to the inner end of 
this tulie, it soon lias to follow the movement thus begun, and so 
comes to lie inside the completely evaginated tul>e (Fig. 4 jE). 
During these changes the rest of the larval body loses its turges- 
cence. The oral and anal apertures therefore come to lie remarkably 
near one another. The pre-oral lobo of the larva is now thrown off, 
and the some fate overtakes the larval tentacles and the circum-anol 



en off, I 

n-anol J 



I'iliaUtl I'iiig. Tiie Ii)st liirval o^ans in the oral region oonscqiiently 
liave to Imj replaced by extensive regeneration. It lia« already been 
luentioneil that the rudiment of the permujient crown of Uintiiclee 
which Boon iissumes the fonn of a horsealioe -shaped lopliophore 
appeare early. 




Vn. L— A srh» or ataget in tli' invUiiLoriJbosI) of rhomnii from Die A''iiii}lrirlia (tttlcr 
JtmcanrKonr. frmn BU/muR'i rm-ftooti J, yonng lint B, Inrv* iriar Ub dovalnp- 
Bnt o( tbt pMtorml ring of UdUl'Ih. C, tatni Ld which thf inngiiultou (Ic) i( cwn- 
■Bieing, from vh[di fa dsrived Ihs gnalrr put of tho body of tha PlvmiiU. D. 
bviginieion fartlatly, anil B, conpli'tely Everletl. im, anu" : n, tuouih. 

By meanH of this remarkable metamorphosis, an animal le pro- 
duced the body of which is deiived for the greater [lart from a 
prolongation of the ventral aide of the larva. The dorsal side, on 
the contrary, has undergone considerable abbreviation, and can be 
recognised in the short tract lying between tlie mouth and the anus. 



There are a fen' |ioiiita connected nith the rtao of tlie organs which miiBt 
be deacribed n little more in detail. The nephridin of Fkoroaia which have 
receatly been csrefiilly studied by Caldwbi.l (No, 1) sod CoRl (Nos. 1 uid 4b. 
wid Eotoproc. Bryoi, Lit., No. 46) are, iu the adult, paired, looped, ciliitod 
duals opening externally near the snsl aperture [Fig. 6, h). Each nophridiuni 
consists of s curvi'd tube starting from the nephridiojtore, passing outside the 
trangveno septum, aud opening through two ciliated fiinneU into the posterior 
part of the body-eavity. Tbese organs tlius belong esseutially to the poateiior 
section of the hody. These nephridia, which in stmcturo may be corapared 
to the Begmental organs of the Annelida, arise, according to Caldwrll, through 
the metamoi')>hnsis of the larval nephridia diacovered by him in the AcUno- 
Irodia. The lattor, in their structure, recall rntbet the head-kidnoy of tho 
Annelida. They are paired canals vrhicb open externally behind the transverM 
septum or diaphragm on either side of the invagioated ventral sac, the inner 
blind ends being connected with a number of excretory cells. These are ttar- 
ahaped, a fine canal leading from each of tbem into the common dnct. Witli 
regard to the origin of this larval kidney, Caldwkli. thinks that «-e may 
regard the paired ducts as the remains of the communication estabtiahed between 
the posterior coeloniic sacs and the surrounding ni<!dium by means of tho pit- 
like depression mentioned above (Fig. 2 C, g). The eicretory cells, on the other I 
hand, would have an independent origin in tbe somatic mesodenn- cells. 

rhorrmia is specially distinguished by tho posseasioD of a closed blood -vascular 
aysteni which raniiRes on the intestine and in the tentacles, and in which a 
Suid containing red blood-corpuscles circulates. Tbe details of the origin of 
thii blood- vascular system ore as yet not known, hut it appears that the vesselx 
originate by dehiscence in tbe splanchnic layer of the mesoderm. While, 
according to CoRl, the vascular system of the adult is completely closed, there 
seoms, in the larva, to be a communication between it and the cepbatic part of j 

the body-oavity. In the latter, the blood -corpuscles are said to arise in large 
B^lomerationa. 

m. (Jeneral Oonsiderations. 
Tbe AetinoirMha may without difficulty I* regarded as a some- ' 

what modified Troclwphore. Iinlicationa are found in it of a pre-oinl I 

and of a post-oral ciliated ring, the latter being transformed into a 
row of tentacles, and of the characteristic neural iilate. Tho i 

development of the mesoderm is of special importance. This is 
arranged as two pairs of cuelomic eaca which, however, do not 
appear to be fully equivalent to one another, since, according to I 

Caldweli, they differ in their origin. The anterior pair of coelomic 
Bacs yields the cephalic cavity {lophophoml cavity),* the posterior ' 

pair the whole body-cavity of the adult trunk. A transverse . 

diaphragm dividing the two jiarts of the bwly-cavity is fotiud in 
the Aetinotroeha on a level with the crown {if tentacles. The 
nephridia belong to the posterior coelomic section. 

We can thus distinguish, in the body of the Aetinotroeha, as vrell 
a observations this point requ 
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as in tliat of the adult Pkoronif, a eeplialic st'ction ani a tnuik 
section. Further, the body ia unttegiucnted, nn<1 there are no iudica- 
tiona of the descent of Phoronie from a segmented ancestor. 

The metamorphosis of Phmvnis ufTords important data for the 
orientation and interpreta- 
tion of the adult animal. *■,, 
We have seen that the 
principal parts of the body 
owe their origin to an 
excBBsive growth of the 
ventral side. The longi- 
tudinal axis of the adult 
therefore lies at right angles 
to that of the Adiiwtrocha. 
The dorsal surface is 
shortened, lieing restricted 
to the short tract lying 
between the month and the 
anus (Fig. 6, m-a). Al- 
though the larval organs 
are cast off, we may regai'd 
the oi^ana that appear in 
their place as their full 
equivalents. We shall 
therefore hai-e to derive 
the tentacle-crown of the 
adnlt from the past-<:>ral 
ciliated ring of a Trofho- 
^Aore-like ancestor, and to 
regard the epistomc as the 
transformed pre-oral lobe. 

The remarkable meta- 
morphosis of Phoronie 
certainly does not eune- 
«pond to any phylogeiietic 
condition. We shall have 
to assume that a very 
gradual shifting of the 
anal aperture along the 
dorsal middle line took 
place in the worm-like ancestor of PhoronU, which perhaps lived i 
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FHOBOKIDBA. 

sand or even in a tiiln', a shifting similar to that which takes placi* 
in tlie Siputteulutae (Vol. i., p. 363). 

The fact that, iii the trunk region of the adult Pkoronia the 
Bymmetrical armngeinent of tlic body hcgine to be diBturbed, is uo 
doubt connected with the tuhicolous manner of life. There io tlnw 
a longitudinal nerve-strand on the left side, and, according to Cobi 
(No. 4), a now plane of symmetry, different from the original one, 
is evident in transverse sections in the grouping of the longitudinal 
niuecles in Phoronit pnainmophUa, Indeed, in the presence of 
secondary and tertiary meseuteries, which leave between them distinct 
intervals containing the grou]>e of longitudinal muscles, thete is a 
tendency to the development of the radial tyi*. 

It ahoiUd here be pointed out that, in Pkortmie, the cephalic region 
is often lost and again regenerated. According to CoRi (No. 4a), 
not only the tentacle cMwii, but with it a port of the oesophaguB, 
the epiatome, the ganglion, the so-called lophophoral oi^ans, the 
lilood-vascular ring, and perhaps also the nejihridia are lost. The 
spontaneous throwing off of the cephalic section is B]iocially liable 
to occur when the animals are placed in nnfavouralile conditioQn 
oE existence. Tliis process closely resembles the throwing off of 
the heud in Pedicellina and in the Tuhularia ; and the same procesa 
in found in the Ectoproctous Brjozoa, in the disintegration and 
subsetpient regeneration of the polypide (p. 55). 
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Colonial Bryozoa with the anus outside the lophophore, with a 
well-JeTeloped introvert and a npacioiis coelnni. 
Systematic : — 

A. PHYLACTOLAEMATA. Fre*h-water forms, with horse- 
ehoe-shaped lophophore prolonged into two arms; ^vith epistome 
overhanging the oral aperture {Cristalella, Plumafella, PeelinateBa, 
Frederiedla). 

B. GYMNOLAEMATA. Mostly marine; with ciKular lopho- 
phore; without epistome. 

I. Cyolobtohata. Apertures of the zooecia terminal, circulitr 
and devoid of closing apparatus; without apjiendages [Crisia, 
Diasfopoia, Homera, Tubulipora, Fraiulipora). 

II. Ctbnostomata. Ajjertures of the zooecia terminal, cloaable 
hy means of tooth-like or seta-like projectiona of the tentacle-sheath. 

1, Halcjonellca (Aieyonidiuin, Plierusa, Flusirella). 

2. Stolonifera {Vesieviwria, Aniaihia, BotcerbanJcia, FareUa, 
HypoplwreUa ; the fresh-water forms PeUudieella and Victorella 
also belong here). 

III. Chilostomata. Apertures of the zooecia not, as a rule, 
terminal, usually closable by a movable lid. 

1. Stolonata {Aetea, Eucraiea). 

2. Radicellata. 

a. Celliilavina {Cdlularia, Serujiocdlaria, Buffalo). 

b. FluBtrina (Flusfra, Memhmnipora). 

c. Eecharina (Relepora, Mieroporella, Eichara, Lepralia, 

Sehitojjordla). 



L Formation of the Egg, Fertilisation, Fosition of tbe 
Embr70. 

The genital products of the Ectoproctoiie Bryozcia arise in oell- 
masses which originate us growths of the meaodemml parenchy- 
matouH tissue (marine Ectoprocta), or of the |>critone^ epithelium 
correeponding to the latter (Phylactolaeniabi), ou the inner side of 
the body-wall (endoeyd), or clao in strands of the so-called funicuUir 
tissue. The ovaries are very generally found on the neural wall 
(dorsal side) in the anterior or middle part of the body; the testes 
lie at the base of the jiooeciitm (i.e., in the proximo! part). In 
the fresh-water Bryozon, the genital rudiment frequently bears a 
relationship to that part of the mesenterial strand which is known 
aa the funiculus. In Palwlicdla, for instance, the eggs lie on the 
body-wall near the point of insertion of the uitper funiculus, while 
the spermatozoa arise on the basal portion of the lower funiculus. 
In the Phylactolaemiita, on the contrary, the ovary lies on the 
oral liody-wall, while the spermatozoa, aa a rule, develop in aciniform 
masses at the upper part of the funicidus. In VristateUa, the 
spermatozoa arise on the mesodermal septa of the body-cavity. 

The genital products pass into the body-cavity, where, in some 
forms, fertilisation takes place. Since the Bryoioa are, as a rule, 
hermaphrodite, and as it is difhcult to state in what way foreign 
spermatozoa can reach the body-cavity, self -fertilisation has been 
assumed to occur. The fertilised eggs either pass tlirough the 
whole of their embryonic development, up to the time when the 
ciliated larva is formedj within the Ijody-cavity of the parent, or else, 
through the dehiscence of the hody-widl, reach the tentacle-sheath 
(Valkeria, Joliet, No, 17; Lepralia and Vmcularin, Obtrodmoff, 
No. 26), in the cavity of which they pass through the embryonic 
stages till the larva hatches, or else the eggs (as in many Chilo- 
atomata) arc received into special outgrowths of the zooecium which 
serve as brood-cavities. These are the ooecia and ovieella which liave 
been described as individuals of the polymorphous Bryozoan stock 
pecoliarly metamorphosed for the care of the brood.* 

In those cases in wtiich tlie larvae pass tlirough their earliest 
ontogenetic stages in the body-cavity of the motbei', they escape 
either through the aperture of the zooecium, after the polypide to 
which they belong has undergone degeneration, or else there is a. 
special aperture near the base of the tentacles for the passage of the 
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embryos. Such on aperture waa found in Farella by Van Beheden, 
and in Bypophoi-elta by EnLEita. 

In a few Gytntiolueniata {Alcyonidiutn ijelalinoewin, Membranipora 
pilcsa) Farre, Schmidt, and HfKCKS found a llask-sLiii>ed ciliated 
canal {nephridivtii I) connecting the body-cavity with the surrounding 
medium and opening out between the tentacles. Pkouho (No. 28a) 
recently obHerved in some species of Aleyonidiitm, that this infer- 
lenlacular organ waa connected with oviposition. In Aleyoiadivm 
albiilum, the eggs probably undergo fertiliBation within the body- 
cavity and become suiTounded by a soft shell, being then ejected 
into the surrounding medium tbrougb the interlentacular organ while 
the parent polypide is extended, further development taking place in 
the witter. More complicated conditions are found in Alajonidivm 
ttupler. In this form, at the period of aexual maturity, the (mole) 
polypide of a zooecium which is without an interlentacular organ 
develops spermatozoa. At the same time, on the aboml side of this 
zooeciuni, a second (female) polypide, proWded with an ovary and 
an intertentacultir orgnn, is developed ; soon after fertilisation the 
male polypide degenerates. 

The fertilised eggs, which are provided with a shell, jirobably 
reach tlie tentacular sheath through the intortentacular organ ; here, 
each attached by a fine stalk, they pass through their further 
fievelopraent A\"beu the polypide is extended, the part of the 
tentacle-sheath carrying the egga is evaginated. In tliis position 
the c^-shell bursts and the larva swims about freely. 

Within the ovaries, wliicli originally consist of small, indifferent 
cells, a few (3-5) young egg-cells soon appear, the remaining cells 
becoming grouped roimd these to form a follicular epithelium 
(ViQELiDs). Oi theae young egg-cells, two at first develop more 
than the others ; but, as a rule, only one egg becomes fully mature. 
This egg remains at first connected with the ovary by means of a 
strand, while what remains of the ovary draws liack to the body-wall 
8(1 OB to serve later as the place of origin of another e^. (On the 
conditions of the maturation of tlie egg and tlie ooecia of the 
Phylactolaemuta, see I)elow, p. 33.) 

Remarkable conilitioDS of eniliryugeneais ir^re round by HlliMEli (No. IS) in 
Crista, B foriii iu nliicli the rijie ovictlls tontaiu a large numWr of embryos.* 
Brsids these ie found a jirokipbumic iiuclvated network wliich sends out Sager- 

• [Thifl condition is brought ahoat by a fission of the primaty eernally- 

Crodncud orabryoa. Aa many as one linudred secondary embryos [iroduced by 
adding are round ia & single ovicoll, HAiiMKn, Quart. Joum. Micro. Sei., 
Vols. uiiT. and xxxix.— Ed.] 
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shaped |)rocessi;<, from tlie free enils of nhich tlie embryos are devclujieil ULll' 
buda aoil eTentuallj cut oDT. In quite joung ovicells, aa tbe cautraiy, a Binj^le 
(!gf;-celi, Biirrouiide<l \>j ■ follii'le, is found ; tliia appears to give rise to tUe 
Hnger-shaped budding organ inentiouMl abore as producing tho etnhrros. In 
Cruia, therafore, Uie number of embrjog prodncrd bj tlie early division of tlie 
]>riniaiy embryo is larger. Tlie mature larvae swim out tliroii^li the tubular 
aperture of tbo ovicell, 

Accurdiug to Van Beneiien and Periiens, the maturation of the ngg ia 
connected in s certain regular way with the dbint^ration of the polypide* that 
produces it, iDd, in same forms {Flvilra lru«eiUn, MicroportUa matusii, Bugula 
nimpUx and turbinala) with its later regeneration, so that, when tbe egg ii fully 
mature, the ])olypide undergoee hiatolyiis, and becomes changed into a brown 
body, Wliile the ovary brings another egg to maturity, a new ]K)lypide fomiB. 
For details of theae jiroceaseii of regeneration see below, p. 6E. Among these 
moat also be rechoued the above observations of PliouHO on AteyoaidiKm duplex. 
In the PbyUctolaematn also, as s rule, during tlie development of the embiyua 
and the atatoblasta, the jwlypidF to which thcj belong clegencrates, but, in this 
CHM, tllere is no subsequent regeneration. 

n. Embryonic Development. 

The mature, Bpheri<;al, or lillipsoiilal Pf^gs arc surrounded by a 
hyaline membrane called by Pbrgbss tlie chorion. In the ovum 
can be recognised a vesicular nucleus with spherical nuclear bodies, 
and a granular yolk often yellow or broiTu in colour. The two polar 
bodies, which are usually of imequal size, correspond in position to 
the animal pole of the egg. 

The first ontogenetic proeessea in the egg of the marine Ectoprocta 
are best known in Lepralia (Barrois, Noa. 6 and 7), in Tendra 
zosterieola and Boieerhaii/na {Rkpiachoff, Noa. 32 and 34), in livgula 
talaihut (ViGBLins, No. .39), and in Microporella maluifii (PBRcaNu 
No. 27). In these eggs cleavage is total and altuoat equal (Fig. 6). 
The two-celled stage ia attained by means of a meridional furrow, 
and the four-celled by mejine of another meridional furrow at right 

* The expressions "jiolypide" and "cystid'' correspond to an older view, 
according to wliich the cyatid forming tbe wall of a chamber rci>r«ientK air 
individual which gives riw aaexuaily tbrougb budding to the polypide. Each 
chamber oE the Bryozoan stock, cousistiug of a polypide and a cystid, would 
then represent a double individual or a miniature colony. This view was 
founded on the great independence of the polypidea as shown ia the proceasci 
of degeneration and of regeneration aliove -mentioned. Altltough we do urit 
shore this view, wo .still reliiu in use these expressions which have 1i«conie 
ostaliliBhed. The cystid, tlicn, means tu ua the lower |iart of the body-wall. 
while the polypide repreaeuta the retractile anterior section of the body with tliL- 
intMtinal canal attathed to it. These two are merely parts of oue individual. 

[Acting on the suggestion of Dr. Harmru, we have substituted the term 
"zooecium" for cyaUX in referring to the outer parts of the ordinary adult 
individual, as this term is of mach niore general use in English works ou thu 
Bryoioa — Ec] 
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angles to the first ; this stage, in consequence of an eqnutorial furrow, 
passes over into the regular eight<!elled stage (Fig. 6 A). A small 
blastocoele can freqriently lie oliserved as early as tliia stage, aiid the 
unimal pole can l>e distinguished from the vegetative pole by a differ- 
ence of size — often only very alight — in their reB]jective lilaatomerea. 
In the further segmentation there is a pecutiarity worthy of note. 
The aixteen-cclletl stage is reached tlirough the aji[iearance of two 
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furrows lying on either side of the firat meridiounl plane and running 
pMullel to it. An embryo tlius results, each half of which coneiste 
of e^ht cells (in two rows of four, Tig. 6 B). A similar division 
leads to the thirty-two-celled stage (Fig. 6 C), two furrows fonning 
parallel to and at the sides of the second meridional plane. Each 
half of this embryo consists of four rows, each containing four cells. 
This stage is followed by less regular divisions and results In a 
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I'liiatula lieariiig a general respniHanw to a biymivcx lens (Fig. 6 D), 
A more active division of the ceLs of the animal (later aboral) pole 
can now 1)6 remarked, while, from the vegetative pole, four entodenn- 
cells wander into the blastocoele (Fig. 6 E). As soon ae the 
eatodenn-celU have sliifted inwards, the suirouuding ectodunn-cells 
seem to join together. This type of eatndenn-formQtion may he 
traced back to polar ingrowth. A shallow depression in the region 
of the vegetative pole is often noticeable during tliese pMcesses. 

After the ectoderm has completely closed, the four entoderm-celle 
multiply, their derivatives becoming groiii>ed so ofi to enclose a small 
alit-Iike cavity (ivrchenteric cavity, Fig, 6.f ). This cavity ia usually 
otJiterateil later, the entoderm-cells multiply still more, and finally 
yield a mesenchyme or embryonic comiective tiBsue (tlie inner mass, 
contml tifisue, " Fiiligewebe," Fig. 6 G, z), which completely fills 
the blastiwwle. This tissue, which seems to lie of little impor- 
tance in the later development, playing merely n passive rfila, 
soon assumes a reticular character {Fig. 9 B, /). While these 
procesaea have gone on within, two rows of cells at tlie edges of 
the biconvex embryo have become diatinguishefl by their latter size 
(Fig. 6 E and F) ; one of these rows at a later stage liecomes very 
conspicumis, forming the radiment of the ciliated ring or girdle of 
the larva, and is known as the corona or velum (Fig. 6 O, c). 

After the larva haa attached itaeir, tho central tiaiuc gives risp to the moHi- 
dennal portion of the tirst vedeutarj imJividtial (primary zooeciuiti), i.e., to 
tli« psrietol nieaodena-lnjer on tbo inuer aide of the enJocyat, sud to the 
Dut«r layer or the wc-likc ru'litnent of the |>oljpide I Fig. 12, b. p. S9). Tha 
irat of the central tissne unites with the mll-nineB yielded by the degeneration 
of the larval organs to fonn i Bpherieal mass (the so-called brown body), nbioh 
is eompoBed of reinaina ot cella, particles of food-ynlk aud rkCritiiB, and wMob, 
n hen the Grxt polypide develops, is used up as food iriaterisl. 

The central tissue is derived direct fiom tlie pviumry euliiilerm of the 
f^aatmla.Btage. This gemi-Uyer does not, na a rule, Hegmrate into mesoderm 
and deliDitiTe entoderm. Bariujis (No. 7), iii'leed, maiDtaius that auck a 
separation does take place iu LeprtUiii iinimrai«, tlie mesoderm there beoomiog 
arranged in paired niesoderra -hands. His observation, however, liaa received no 
riirther confirmation through rcaearchflH made in couuoption with various other 
genwa. In tlioso fen Tarms in ivliich an slinientory cannl is developed, there 
mmt of (MHirse be s separation of the mesoderm from the definitive entoilerm. 
In qntta early stages (corresponding to that in Kig 6 F), a separation of 
tha mesoderm from the entoderm was observed Iij pROuno (No, 28b) in the 
«inbt7iM of AlryoniiiiiuH aud MeiiibTiinipora pilosa {Cj/pkuiiaiUa), hut no further 
details as to tho lise of the mesodenn could bo observed. 

The embryo which originates in this manner (Fig. 6 0), in which 
two body-layers (ectoderm and central tissue = primary entOHlerm) 
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can be distinguished, gives rise to tlie typical Ecto]iroctiius larva by 
certain chanicteristic modifications of tlie ectodeim. The celk ot 
the eorotui incronse in size and become covered with cilia, giving 
rise to a transverse tiliat*d zone (Fig. 7, c), by means of which the 
body of the larva is divided into an upper aboral half (ootroaponding 
to the former animal pole) and a lower oral half. In the aboial 
half, a disc-like thickening beset at its edge with atiff setae develops 
(Fig. 7, »') ; this is the so-called relraeHle or nliateil dive (edtotte 
of Barroib, eaj'), which has been regarded as the rudiment of 
the [wlypide that develops in the primary Kooeciom of tiie 
Bryozoan stock. At its periphery, this organ is encircled by a 
depression (Fig. 7, p, mantle-cavity BARBoia). In the oral half, 
two organs develop first of all, the plane of symmetry of the larva 
being marked by their position. In the posterior portion of the 
oral side a deep ectodermal depression occurs ; this originally haa 
the form of an almost completely closed sac (Fig 7, «), and from 
the fact that it serves as an attaching oi^on dnring tlie sulisequent 
metamorphosis, it is called the tucker (sac inlente, BARROia).* 
Further forward there is a median fuiTow beset with strong 
flagella, the so-called miierii^ ectodermal furroir {oral fuirotc 
of NiTSCHK, /ente of Barboib, dorsal organ of Balfour); this ia 
connecteii intemnlly with a glandular tissue to which Babrois gave 
the name of pyriforin organ (Fig. 7, o). In the space Iwtween tlie 
anterior ectodermal furi'ow and the sucker, the oral aperture (Fig. 
7, wi) is found in those larvae in which an alimentary canal develops. 

IIL Metamorpliosis. 

The metamor[)h(Bis of a Brj'ozo:in larva comprises a more or less 
protracted frec^ewimming stage, during which no [lerecptible advance 
is made in the development of the animal, and further, the attach- 
ment of the larva, and the suljsequent somewhat complicated changes 
which bring aliout its transformation into the first primary sooid 
ot the young Bryojioan colony. 

Although there ia no difficulty in traciug back the larvae of the 
Ectoprocta to a common type resembling that indicated aliove, we 
find certain distinguishable larval types, which, for the sake of 
clearness, must be treated separately. The description of each larvu 

* It xhonld li^rc be poiuted out tlist the name "sucker" ia calculated to 
conrey n fnlse imjiresaipii aa to tlie funption of this ci:li>derriiBl invagina^aa, 
vbich ii in reality merely tlie liasal piste of the riitiirc primary zooeciom Id 
preparatinn aud in an iiivaginated cooditioii. Fixation doea not nccur thniogh 
auction, but only after the eTsgination of this basal plate, as will be Men later. 
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«-ill be followi'il by tiie account of iU triinsfoniialii:iii into tlie 
attncheil fnvm, aa fur as this latter is accurately known. 

1. Type vhlch develops &n Alimentary CanaL 
We shall commence our study of the Ectoproctoua liirvae witli 
the consideration of a few isolated forms, whieli, in e.-cternal attuc- 
ture, do not greatly differ from the typical larva (especially from 
that of the Eiicharina), but which in the higher differentiation of 
their internal organs show a more primitive condition. In the 
poeseasion of a welWevelopcd (though also to some extent function- 
less) alimentary canal especially, these larval forms afford important 
points of comparison with the larvae of otiier groups, whereas, in 
most other Ectoproctous larvae, the primary entoderm gives rise 
merely tu a parenchyma (central tissue), wliich in many forma 
contains a yolk-mass. 

a. Larva of Alcyonidinm. 

The larva of ..4/c^(WJt(i*'t(M( (Fig. 7) has alieiuly been described and 
figured by Farrb and others, and later by Babrow (Xo. 6). its 
internal structure having been specially investigated by Harmgr (No. 
13). This larva differs little cxtenially from the type which we shall 
find retained in the Eachariiia. When viewed from above, it appears 
perfectly apherieal; when seen from the side (Fig. 7 A) the oral 
surface is distinguished by ita greater convexity from the flat 
aborat side. Almost the whole of the latter is occupied by the 
reti'odife ifia- (Fig, 7, »■), bordered with stiff cilia, this organ being 
separated by n circular depression (mantle-eavity, ]i) from the ciliateil 
corona (r) which is eorapoaed of large cells. On the oral surface, in 
the anterior region of the larva, we can recognise the atilerior 
edodermxd furrow (o), at whose edge are cilia which, anteriorly, 
become grouped together to form a ciliated tuft {plumet). In the 
(Ktsterior part of the larva the aucker.invagination {») is visible. 
Two pairs of flagella belonging to the posterior region of the oral 
surface should also be mentioned. 

In a longitudinal section (Fig. 7 B), we recognise first the large 
«eIlB of the cdiated ring (c), then, in the anterior part of the oral 
j<arface, the jiyrifarm on/an (o) lying at the tmse of the ectodermal 
groove, consisting of elongated ectoilermal cells that possess a 
peculiar hiatologiad character. Between this organ and the aperture 
of the eudcei- (»), which lies further Iwck, is the oral aperture (w) 
leading through a narrow oesophagus, which may have arisen as 
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an ectodermal iiir agination, into ii wide gastric cavity that ends 
blindly. A comparison \eith the larvae of Temlra and of Cypko- 
natiiee renders it proluble tliat tlie part lying beliind the aperture of 
the sucker corresiwiids to the anal rpgjon. This distinctly developed 
aiiraeiitnry caniil iippears to bt} a I'estigval organ, there being iu» 
indication that it 
R ^ autually functions. 

It degenerates in 
the further course 
of larval life. 

TJLf. thickness 
nf tlie (.'|>ithe!iuni 




whk 



lin 



the 



niontie^cavity {p) 
ie remarkalilc, and 
contrasts with the 
somewhat thin 
ectodermal layer 
of the retractile 
disc. Closely con- 
nected with tho 
latter layer, in the 
anterior part of 
tho liu'va, there is 
a cell-mass (Fig. 
7 B, <j) which 
Harmeb (No 13> 
regards as the 
brain. This author 
observed, arising 
within this cell-mass, fibrous strands, some of which are said to 
become connected with cells of the ectodermal furrow, while othere 
can be followed into the neighbourhood of the large coronal cells. 
Should these statements l)o coulinned, we ahould ap]>ear justi6ed in 
considering the pyrifonti organ aa a sensory organ, whereas until now 
its histological constitution seemed to point to the conclusion that it 
functioned as a gland. The presence of a larval brain comparable in 
position to the neural plate -would be of importiinue in tracing the 
Ectoproctous larvae back to the Trockopkore. The statements of 
Harhbr have recently been confirmed by the researchea of Prouho 
(No. 28) in connection with FluttrdUt, but on account of the 
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dilRcuIty of invedtigatiiif,' tliis [loirit, we are unable aa yet to accept 
with certainty tlic interpretation that these fibwua stntuils arc nerves. 

b. Larva of Tendni. 
If we leave out of account Oyphmiautes, to which reference will 
shortly he maile, Ebpiachoff (No. 32) deserves the credit of having 
been tho first to prove the existence of a wellnieveioped ulimentary 
canal in a typical EctoproctouB larva. This author fouiid in the 
Ictrva of Teiuira (Membrampara) soelencola, which in other respects 
follows the type of the ordinary Herhanna larva, and also resembles 
the Aleyonidiu-m larva, an intestinal amal, the oral aperture of which 
lies in front of the sucker, while the anal aperture lies behind that 
organ, Tlie Temira larva would thus approximate to the larva of 
Alfjoniilium in the topography of its internal org-aiis. 

c. Larva of Membraitipora and Flnstrella. 

The larva of Memhranipora has frequently been investigated 
Ehrenbbrg placed it under the name of Cyphoiiantes among the 
Kotatoria; later, Jou. SIOi.ler comjwired it with the larva of 
Mitraria; and Semfbb, Lkvoig, and CLAPARtDE (No. 1) declared it 
to be a Laniellibranchiate latva, Sciikeidek (No. 5) being the first to 
establish its true affinities as the young of Membmnipora. Later 
observations were made by Allman, Mbtschnikoff (No. 19), 
Hatschbk (No. 2), Barrois (No. 6), Rbpiacuoff (No. 4), and 
Prouho (No. 28) us to the structure of Cyphoiiaulw, while its 
attachment and transformation were investigated by both Schhbidbr 
and Obtboumoff (No. 3). It appears from the statements made by 
these authors that Cijphonauiee agrees closely in all important points 
irith the typical Ectoproctoua larva {e.'j., Alnjonidium larva), the 
apparent differences between them being of an unessential kind. 

Cyphonaulea (Fig. 8.) resembles in shape a laterally compressed 
Iwll. The lower surface is hoitlered hy cilia. If we compare this with 
the corona of the AlcyoniiHum larva, we find that we must reganl 
the external surface of the hell as the aboral aide, and the under 
surface of the lioll as the oral side partly invaginated to form a 
vestibule or atrium. The whole body is covered externally by two 
triangular Khell-valves connected together along their anterior edges, 
which run [larallel to the flhroua strand (Fig. 8, /). The two 
valves tliat come into contact along this binge-line cover the laterally 
compressed Iwdy on the two aides. Their posterior edges, which run 
parallel to tlie mid gut and the hind-gut (tho uitestinal edges), arc 
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Bharply lietit wund towanls the miiliUe line of the body. The shell- 
valvea meet at this point Hke pincers. Near the hiwer aperture (the 
entrance to the atriuiu) Clie valves gi^P^. At the alioral pole, & 
prominence (r) covered with atitf cilin projects from the shell, but 
con be withdrawn into it. Tu this we recognise the homologue of 
the " retractile disc." 

Some uncertainty atill prevaila as to the ciliated ring that runa 



round the edge nf the bell. AMonling to Eh 




KNQERC and Hatschbk, 
there IB a single com- 
plicated ring, forming 
many coils, but 
CLAPABiDE and 
ScuHEiDEti, whose 
^■iew has be«n adopt- 
ed by Prouho, think 
they can distinguish 
two distinct rings of 
cilia, an anterior ring 
in the neighbourhood 
of the pyriform organ 
(o) and a posterior, 
cii'cum-anal ring, port 
of which sinks into 
the atrium. 

On the oral invagi- 



i) liHl ttas ntnctila iKk (r); m, moDl 
thlEkenlng (boiaDlo^aB or the ■uclreO: 
»r orgui (ihell-»dilnrtor miuolB).' 



pyrt- 



tated 



irfat 



the 



notice tirst, ; 
anterior angle, a uell- 
masa ])rovided with 
a tuft of cilia ; this is the p/p-i/onn orijan (o). According to 
REriACHOfT, two parte may be distinguished in it ; an invaginated, 
sucker-tike e]iithelial thickening surrounded by a ring of cilin (ecto- 
dermal furrow), and a cell-accumulation lying above this (the actual 
pyTiform organ). As in AleyonuiiKiH, this organ is connected with 
the retractile disc (/■) by fibrous strands (y), some of which have 
been claimed as muscle-fibres and some as nerve-tibrcs (Pkouho). 

Cyphonautes has a fully-developed and fimctional alimentary canal. 
The oral aperture {in) is found in the base of the atrium, and leads 

• [The organs t nod *' are not isgUtad Btnicturw aa ropitaeiitpd in the figorv, 
bat arc situated uuderticatli thu )iody-wal1. which latter should be iudicaited u 
a line extending forwards from the anus belaw ( iind i' and joining the ciliated 
ring near the moutli.— Ed.] 
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into a very expansible oesr-phagus, wliicli aaceuilH towanld the aboral 
snrface ; here it bends sharply downwanlB and joins the dilated 
xtomach which passes into the hind-gut. The anal aperture (an) 
opeus into the atrium. In the space between the mouth and the 
anal apertui-e there is a paired glandular thickening (k). Keat this 
kidney-shaped orgnn lies a similar smaller organ («'), Ostroumopf 
has shown that when the larva begins to change into the sedentary 
foxm, fixation takes place hy means of this paired disc and the 
cementing substance secreted by it, so that we may regard it aa 
the homologue of the sucker of other Ectoproctous larvae. 

The B[ij&llpr organ scva near tlic sucker waa oasmiied by Schnbiubr and 
B. PROt'HO to he tVe tmnsversc section of the adductor muHcle of the shell. 

It ia evident from the above deiciiption that CyphonauUs agrcfi in all 
important jKiinls witli tli« ty|>ical Akyimidium isrvu, rrom which it is diatiu- 
guished cliietly by tlie slighter dcveloplneiit of the retractile disc and by the 
absence of a circular man tic-cavity anrrounding that organ. In [ilacs of this 
cavity we lincj an exteiiaive aurfoco (maatle-aurrace] on the aboral half of the 
body, vliich aecrotes the two caticalai shell-valvei. The oral surface dixis 
uot here, as io Aleyintidiavi, bulge oat donawBrds, hut ia withdrawn into 
the interior of the 1>ody, rorming an atrium auch as is also found in the 
Rntoproctoui genus PalialUna. 

Intermediate hetween the CyphanaitUa and tlifl Alcyonidiuui tjiw we may 
place the larva of Flmtrellu hitpida, known through the researches of 
Hetscrmkofp (No. 20), Baiiiioib (No. 6), und Puouuo (No. 28). In this 
larva, the rudiment of tlie sliineutary canal apjiears in the emhryaiiic stages, 
but degenerates later. In other respe<its, the development of the Flmtntla 
larva agreel closely with that of the Alcijimidiuiii larva. An embryo develops 
in which tlm central jwrt of tlie abornl surface beconiea marked off from the 
oomna liy a circular uiantle-cavity. Only secondarily docs the corona bend 
round dowuwtrda in the rorm of two lateral lohei, apparently enclosing the 
aial surface iu an striun, while the circular mantle .cavity disappears. Paired 
shell-valves tlieu appear and cover the whole aboral surfaoe with the exception 
of the very small retractile disc. A similar tlioitgh less complete trans- 
formation in the same direction is fuuud iu the larva of SucraUa thelala 
(Baxboib). 

The rasearchea of PiiouHO have ted to intcrcstiug revelations as to the 
internal atructure of the Fliitlrclla larva. With regard to the presenca of a 
nervous system, Psouho's researches agree csseutiully with those of Uabmeb- 
In the FlualTilla larva, the retractile diac is connected, ^u in Cyphouaaia, with 
the pyriromi organ by a strand of muscle-hbres. Along this atrand runs a 
bundle of nerve-fibres ; these start from the retractile disc and can he followed 
as far aa to the cells of the ectodermal furrow and of Che corona. In their 
coum, single fibres of this bundle become connected with ganglion -cells. 
Vboiibo thinks that ho can trace back the elements regarded by Hakmsk a* 
ganglion-eel la to simple mesoderm -eel Is, and conaiders wrtaiu elements which 
are provided with large nuclei as the true ganglion-cells of this region. 

When the complex organ connecteii with the ectodermal furrow is more 
carefully examined, un inner cell -cum plex (glandular organ, pyriform organ 
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in a roBtrictcd b<!iisc') is round to lis distilicC froiu the cilialed cells of tlie 
ectodermal Turrow. In this orgou, which is evidently of gUndulor xtnictnTe, 
three puis can bu made out The lateral parts ahow radially nmiDgcd cells 
opening into the cutoilernial rurrovv, while the cells of the middle part run 
longitudinally and open into a small pit lying in Trout of the eiUated tuft of 
the ectodermal furrow (PnotiHo). 

Further, there is in this larva a highly developed muMulatuie, consisting ol 
luterftl parietal and lougitudinal muscles, and of a shell -adductor, already 
noticed by Meteciinikopf. A mcsodential celMayer lying below the ectoderm 
plays an inijiorlant part in nietaraorphosis, the mesoderm -layer of the developing 
polypide and of the primary Eooccium being formed in it. 

The trauHfoniiation uf the larva of this type into the sedentary 
form {primary zooid of the colony) takea place in the same way 
aa in utiier Ectoj.irocta ; the reader ia therefore refeiTed to thu 
description of the metainorjihoaia of Bu/ptla aud Lepralia, given 
on p. 27. It need here only be mentioned that Ci/phonautet, whose 
metamorphosis has been made known through the researches of 
SoHNBiDBR and OttTKOUHOFF, attaches itself by nieaiis of the paired, 
diac-like organ mentioned above on the oral side of the body, and 
on the degeneration (histolysis) of the internal organs, changes into 
a spherical mass covered by the shell-valves, this Ijcing the rudiment 
o£ the primary zooeciuni. While the ectocyat of the zooecium ia 
secreted on the surface of this mass, the polypide of the firat 
chamber is derived from the wttactile disc tlirough ontogenetic 
processes to be desciibed later {Sohnbidbk and Ostrodmoff). 

With regard to the last point, the recent researches of pROUHo iti connection 
idth Flialrrtia have led to the remarkable discovery that the retractile diav. 
like all other larval organs, becomes iavagiuated and undergoes degen oration. 
During this process, a thickened disc forma out of the aurrouading ectoderm, 
mesodermal eleiuenU joining it on its inner side. Ttiia bilaminar ptste, which 
lies in the place of the degenerated retractile disc, now in iU turn becomes 
invaginated, and thus gives rise to tlie sac-like rudiment of tiie polypide. 
Even though most other authors regard the polypide as derived dire«t1y bom 
the retractile disc, it miiat be ooiaidered probsble that the ontogenetic process 
here described in connection with Fluitrflta is the rule in tlic development 
of the polypides in all Ectoproctoua larvae, 

Phtrum tithilaaa, which, according to Pkduho (No. SSa), is also distinguished 
by the possession of a bivalve shell, is allied to the above ty]iv, and the larva 
of Sypvpkurelli', according to the same author (No. 23b), iilao approaches 
this type. 

2. Type of the intestiaeless Ohilostomatous Larva vith 
slightly- developed corona. 

The larvae of this type, in ontH-anl appearance, almost exactly 
resemble the Alcyoniiliinii larva. Tiiey chiefly occur in the Esfharina 
tribe, an e.-caTnple licing found in Lepralia Pnilasiana, which 
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hna been descriU?!! in detai! Iiy Barrois (No. 9). Here also wc 
find the oral and iiboral surfaces separated liy a i^oronu of somewhat 
large ciliated eells. The abotal surface shows the well developed 
retractile disc surrounded by a circular njanlle-cavity ; on the oral 
surfoctf, the ectodermal furrow with its ciliated tuft and the sucker- 
invaginatiun are situated. Strong pigroeiitation is often found in 
the larvae of this und the following types, paired ]mtches of pigment, 
like eye-spotd, being found in individual casen. The moat essential 
distinction between the larvae of this type and the Alri/oniiHum 
larva is the entire absence of the alimentary canaL We assume 
that the inside of this larva contains only the Ho-called central tissue. 
Id the very imperfect state of our knowledge of the anatomy of 
these larvae, it must still be regarded possible that many of them 
may possess a well-developed alimentary canal. We are therefore 
unable at present to define exactly the distinctions between this 
type and the one Inst described. 

The metamorphosis of the larvae of this type will be described 
together with that of the following type. 

3. Type of the intestineless Cbilostomatons Larva with 

highly- developed corona. 

a. Structnie of the Larva. 

We shall take as tyjje of tins group the larva uf one of the 
Cdluiarim, the Buffu/a larva (Fig. 9), whicli has Iwcome wi-ll known 
to us through the researches of Nithcbb (No. 23), CLATAittDB {No. 
10), SiLBNaKT (No. 37), IUbroib (No. 9), and VioBcrus (Nos. 39 
and 40). The intestinal canal here also is altogether wanting. The 
primary entoderm changes direct into the so-called central tissue 
(Fig. 9 B, f). The distribution of the ectodermal organs is the 
same as in the larvae of the Alet/ottidium and the Etcharina types; 
the whole foim of the larva, however, is soniewhnt different, 
chiefly on account of the great growth of the coronal cells (c) in 
the direction of the principal axis. These cells lengthen greatly, the 
wliole of their surface becoming covered with cilia, while in the 
larvae of the preceding types these cells usually bear only one row 
of cilia. This ostension of the corona encroaches greatly on the 
aboral and oi'al surfaces. The retractile disc (r) is consequently 
smaller, and the ectodermal furrow (e) is so grown over by the 
increasing coronal cells that it at lost appears enclosed by the coronal 
region. In this way a more or less spherical or rounded larva ia 
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produceii, and in tliis the plane fj tj d tJbyth 

positiou ai tlic ectodermal fiuruw th 1 th pea 1 -shaped. 

For details of the structure of tl Bmpil 1 w ud bted 

chiefly to Vioklius (No. 39). T k g first tl g f tha ral 

surface, the sucker originat«e as an ectod rmlnn^ tn. Iiith 
lat«r stages the aperture of the in aginat ppe rat 1 i3e ai least 
it was DO longer visible. The up[ pa t f tl wall f tl u k 
becomes iuvagjiiated iuto the cav ty f tl ;ga tsctf tbu greatly 
compressing it. The whole nidim t th n j lie p-ab ped. 

In the auterior part of the oral surf 1 tod rm 1 agiiia- 

tion appears ; this is found later betw tl c«ll f th rona, aud 
is known as the ectodermal furrow ( ) Th tod m ol Its f Uua 




region are elongated, columnar, glandular celk. In direct coonectiou 
with this modiiied glaudular epithelium, there is a celt-mass which 
extends towarils the interior of the larva and ends i>osterioriy in 
three processes. Tbia is the pyriform organ (o). ViGELiua is inclined 
to regard the ectodermal furrow and the pyrifomi orgun as a cotomon 
glandular complex derived from the ectoderm. 

The retractile disc (r) arises on the aborol surface as a simple 
ectodeniial thickening, the cells of which lengthen greatly and 
become arrangeil in several layers. At the centre these elements 
seem to be wanting, while at the periphery of tlie organ they show 
a radial airaDgoment. This disc is protrusible beyond the surface of 
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tlie larva. Its covering of stiff £ 
purpoae, pcrlmps tmnsuLitliiig tnc 



! probably ser 



b, Metamorphosis. 

The (irst indication that the Inrva is rendy to Rttacli itself is aii 
alteration in its mode of progression. The larva now constantly 
moves in circles, with its retnictile disc protruded to its utmost limit. 
By a sudden eoutniction of the body the sucker is shot out, and the 
fixation of the lurva is accomplished by means of a sticky secretion 
from its lower sur- 
face. The eviigi- M 
naled sucker (Fijp. 
to and II, «} in 
liuijtda shows at 
first on its under 
mirfnce a. circular 
furrow, which sejiH- 
rates an onter 
broader jwrt fmm 
a narrower centntl 
portion that pn}- 
jects downwards. 
At a later stage, 
Uie lower side of 
the suulter fiattcim 
into a broad cell- 
jiUte (plaque wl- 



from wUicli is de- 
rived the basal sur- 
ftice of the endocysL 
of the primary 
eooecium. 

The whole of llie 
rest of the body- 
wall of the primary 
zooecium, i.e., its 
upper part and its 
lateral walls, are 
yielded by tlie aboral portion whidi, 
small. Tilts takes place chicHy by i 
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of llprntla Hn<o>nii( 
(»iior 1. iijiiLRoiBV A, nnt BUgn or mnUuiotpliMli. The 
■uclit>r(i') l» eviglniitwl, the coniiw (r) In bt^lnnlne lo beud 
ruuDil. Bt neit (AO-callod mabralLi) aUge. Tbe corona (c) ii 
eoinplBUly bent round, e. coiomI nlli! o, pyrilOnn otB»n-, 
ji, nutBtIs cavtty : r, lelnctltg dite; •. protnideil mcIiBr; 
Vy rniUbillum ; ^ paitd oi^n of iLoubtful Blgnincancfl 
(ueonllDg to HiKBora, the inaxKltriuil tuilUtiadt of th* 
IJDlypMB). 



n the larva, is comparatively 

. extension of those parte of 
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the ectoderm which previously formed iho lining of the circular 
furrow (mantle-cavity, p), and whieli in the lan-a are distinguistied 
by the great depth of their cells (Fig. 10, A). The maiitle-cavity 
{;*) is in this way completely obliterated, the circular fold that 
bordered it externally, and was called the mantle, bending over 
downwards (Fig. 10, B); its inner thus becomes its outer surface, 
and gives rise to the body-wall of the primary zooecium. The 
corona at the same time bends round or unfolds (Fig. 10, li). The 
lower ends of the coronal cells (i?) retain their position, whUe the 
upper ends first shift outward (Fig. 10, A) and then downward 
(Fig. 10, Ji), so tliat eB<;h coronal cell at 
I' the end of this process has rotated through 

ail angle at first of 90" and finaUy of 180° 
(Fig, 1 1 (-). We thus have a stage to which 
Barrois has given the name of the wnbreBa- 
thayed stage (Fig. 10, B). The upper 
surface is formed by the future body-wall, 
the lower by the downwardly rotated 
coronal cells. The edges of the umbrella 
become applied to the adhesive plate of 
tlie sucker (a) and fuse with it, the body- 
wall thus completing itself (Fig. 11). 
The displaced coronal cells at the same 
time fuse with the upper surface of the 
sucker, and in this way a circular canity 
arises (vegUlmlum, Babhois, Fig. 1 1 !■), the 
walls of wliicfa soon liecouie completely 
detached from tbe body-wall and uudeigo 
degeneration. This is the fate not only of the corona, but of the 
ectodermal furrow, the pyriform organ, and (where such is present) 
the larval intestine. There is then found inside the sac-Hke larva a 
cell-mass derived from the degeneration of the most imj^ortant lural 
organs; this unitea witli the luasa that resulted from the degeneration 
of the central tissue, and forms the so-called broien lio'lij. 

The rudiment of the body-wall of the primary zooeciiim is formed 
in the way just described. Its surface soon becomes covered with 
a chitinoiis secretion (often impregnated with lime salts) ; this ia 
the eeiocynt. 

During these ontogenetic processes, other changes can be Been to 
occur at the aboral pole which result in tlie development of the 
polypide of the primary individual. The retractile disc that lies 
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of tbg polyplda (ohlcb ha 
trlann bf tbe InvafiiuitioD a 
tlic ntnetflc nigut) : ), lone 



here Iina changed iiUo a jilato foriuctl of ilccii I'ells wh 
iDVuginated (Figs. II, r and 12 A, a). The eac which tlius arises 
soon becomes completely cut ofl" from the luxly-wall (Fig. 12 B), 
and represeuts the rudinieut of the ectodermnl und also of the 
entodennal jiarts of the polypide. A second celi-lnyer (h) appears 
on the outer side of this sac, this being the mesodermal layer 
of the polyiiide. Various conjectures have 1)eeii made as to the 
origin of this layer. According to Barruis (Nos. 7 and 9), there 
are, in Lep}-alia, two ectodermal thickeiiinga at the eides of the 
anterior ectodermal furrow (Fig. 10, x); when the corona bends 
over, these reach the interior of the primary zooeciuiij, and tliey 
alone are imaffected by the siilisequent degeneration of the larval 
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oi^ans, and remain to form the mesodernial layer of the jtolypide. 
These statements have not been confirmed by later roaearclies. Far 
more probable is the coiyecture of Ostroumoff (Nos. 25 and 26) and 
VlOBLiua (No. 40), which liaa recently been confirmed by Phouho 
(No. 28), that this cell-layer is derived from the mesodermal larval 
tissue (central tissue). Of the renminder of this tissue, part seems to 
yield the somatic mesodermal layer (the so-called paroucliymutous 
tisBue), while another part joins with the granular masses which have 
arisen through degeneration in the formation of the so-called brown 
body. This body becomes connected with the stomach of tlie newly- 
formed polypide and ia finally absorbed. These processes will be 
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more fiiUy Ji-icusaed in a Hjieuial section on the further development 
of the rudiment of the jwlypide (pp. 43, 44, and 55). 

In considering tlie metamorphoaia of the Bwjula larva, whidi 
is identical with that of the types hitherto deacriljed, we are at 
once struck by the fact that the larval intestine d^eucrates in all 
cases, and that the intestine of the primarj' individual is foimed 
anew from an independent nuliment on the alioral mrface. This 
fact, however, is exptaineti by the capacity possessed by the Bryozou 
in certain casc^ of degenerating and again regen •'^rating the alimentary 
canal or even the whole polypide (see p. 55). We are therefore not 
obliged to regard the polypide of the primary individual as a second 
generation of the Bryozoan colony, derived by budding from the 
larva. The production of the primary individual from the larva 
rather comes under the category of metamorjjiosin, although this 
latter becomes very complicated in consequence of the far-reacbing 
degeneration of the larval organs, and on account of the incon- 
8]>icuous form assumed by the rmlimeiits of the future parts of 
the permanent body iu the larva, tliese rudiments being somewhat 
comparable to the imaginal discs of the Insecta. 

With regard to these rudiments, that of the polypide is repre- 
sented in the larva by the retractile disc. The rudiment of the 
cndocyst of the primary zooecium lies partly in the mantle-cavily 
and partly in the sucker-invagination. The body-wall of the primary 
individual is thus present in the larva in an invaginated condition, 
so OS to afford the corona, as the locomotory organ of the larva, more 
room for development. 



While most of the parts of the primarj Ei>o«ciuni aie thns waiting in the lanrii 
ill an inragiuated and apjiarentl; riiuctionlesB cuodition, it la a striking Gut 
that the rptrsctile disc, niiiih bos hitherto been rejjaifleil aa the nidimeut of 
the poljinde, seems to be nf functional importance to the larva (senHirir 
organ T). On tliia acconilt, tlie abservatlan of pBorBO recorded abovu 
(]i. 24) aeeTnn aigiiilicant, sucordtng to \rhich tlie retractile disc doea not pam 
'lirectly over into the nidinii^nt of the polypide, but after itK invaginatlou 
undergoea a degeui-ratioii «iniiUr Ui that of the other larval organs, while, at 
tlie place formerly occnpiud liy it, anew two-layered rudiment develojis, viz.. 
that of the polypide. 

The bending over of the coronn and the formation of the vestibule, in the 
wall of which are included the coronal cells, the pyrifarm organ, and a part 
or the sucker, there to andergo degeneration, will ap[iear Icaa remarkable if vet 
cnniider how often larval parts which have become uaelesa, inatead of being 
thrown out, sink ititu the interior of the individual undergoing metamarphosis, 
there, after degenerating, to be utilised as food -material. Under thia Mpcnt, 
these processes appear eoiuparable to the retrogression of the enibryooic mnn- 
branett tnrt the formation of the to-called doraal organ in Insect embryos. j 

I J 
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4. Type of the VeBicnlarian L&rra. 

In tLe larvae of this type an eKcesaive lengthening of the coronal - 
«ells is found (Fig. 13). The whole larvn in this way heconies greatly 
elongftted ; the alionil and oral areas 
are exceedingly circiimecribed, and 
the ectodeiroal fnrrow (er), as in the 
previous types, is unvoted by the cells 
of the corona. Another characteristic 
of these larvae which was observed 
by Barrois in Sen'alaria lendi'jera 
(No. 9) and by Ostrodmoff in Fwi- 
eidaria (Xo. 26) is the smali size of 
the retractile disc (/■«) nnd the un- 
usual depth of the mantle-cavity (?«) ; 
posteriorly, i.e., opposite t" the ecto- 
deimal hirrow, it is so deep as to 
extend beyond the middle of the 
body. Observere are not quite unani- 
mous as to the sucker. According to 
Barsois, only a fuuctionless vestige 
of this organ (s) ia retained ; Ostrou- ^m. it.-i»m otSrHaiana ladiftm 
HOPP, on the other hand, found a (»li«r B*Biioirii ™, wttsittiB <n«c ; 
well-developed though not very large Jenuiiifurroir; iN,'iM«nii«-i»viiy. 

In the ume wKy, lutlioritics difler as to th« nictaiuorplioais of the sucker, 
thoogh in otlier respecta metaniorphiisis here takes a similar course to that 
deieribed for Buyiila. Ostrodmoff msiatains tliat ia this type alao roeta- 
morpbosis comnu'uces with tbe eraginatioii oF the sucker, while Barkois holdi 
ihkt Sxutiou takes place by nieana of two lobea that grow out frain the lower 
unci of the actoderniat furrow au<l whiclj beloug to tlie coroua. For details of the 
Tcmukable maniier in which the corona ia reversod, iU long cells lieing rotated 
and bent round, we refer the reader lo BAaani.t {Ifos. 8 and 9). The jiolypide 
ia hwe said to ariiie not l>y invagination, but through tbe separation from the 
retractile disc of a ccll-iiUle whicb becomes invapiiated later (Osteoumoff). 

5. Type of tbe OycloBtomatoas Laxva. 

The metamoq)liosi» of the marine Cyclostomatous Bryozoa has 
been investigated chiefly by Metschnikoff (No. 31), Barkois (Nos. 
6 and 9). and Ostroumoff (No 25), The larvae of this type 
(Fig. 14, A) are diatinguishod by the presence of a large sucker- 
inv^ination (»), nnd hy the vestigial condition of the retractile disc 
(r), which is found as an inconspicuous ccU-mass at the base of the 
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large man tie cavity (]>). A further peculiarity is Gxhiliited by tlie 
corona, whicli here does not consist of long cells exteniling from 
the oral to the abora! area, but is composed of numerous small 
elomenta. The ectodermal furrow is hardly ()erceptible, but Barroib 
(No, 9) was able to identify it. 

This larva, in its nietamorphoeia, follows the neual course. Hare 
alao (Fig, 14, B) the first [ict of metamorphoaia is the evagination of 
the Bucker and its transformation into tlic basal plate (a) of the 
primaiy Kooecium ; the bending over of the juantle then takes place, 
and the fusion of its periphery with the edges of the liasal plate, by 
means of which the annular vestibular space (r) is closed in. Wliile 
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aubsequentiy this whole structnre degenerates, the polypide forms, 
not by invagination, but by the sejmnttion of a cell-plate [x, 
Osthoumuff). Tliis ])late sinks in and becomes covered with 
mesfiderni derived from the central tissue. Ostboomoff'h obseT^-atiD^ 
of tlie appearance of a cavity lined with endothelium In the neigh- 
bourhood of the developing nutritive tube is worthy of mendon. 
In this cavity, which degenerates later, we have perliapa a homologue 
of tlie Ixidy-cuvity uf the fresli-water Ilryozna, 

6. Type of the Fhylactolaema,tou& Larva. 

The embryonic development and the metamorjjhosis uf the Pliylao- 

toloemata has been investigated by Mbtscukikopp (Xo. 20), Nitschb 

(No. 52), Keinuard (Noa. 54-56), OaxHoniioFF (No. 53), Korotnsjt 
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(No. 48), nnd Jitlukn (No, -ITu), and more recently liy Davenport 
<No. 46a), Krakpblls (No. 60). and Brabm (No. 45a).* 

The ovary (Fig. 15 ov) is an nciniform growth of the inner meso- 
ilennal layer of the body-wall, lying on tlie oral side of the polypide, 
immediately below the so-called duplicating bands (posterior piirieto- 
vaginol muscles of Allmak) and nbove the Inst daugbtcr-bud. 
Single mesodemial cells increaae in sim, and Ix-come changed into 
young egg-eells, while other mesoderm-cella become givjuped round 
them as the follicular epithelium. One embryo only develops in 
each individual (Rbinhabd, Kbakpbi.in). Fertilisation and the 
commencement of cleavage take place within the egg folliele. Later, 



a peculitt 



brood-sac (oo 

and in which the 

iBfium, when it first 



young embryo paaaes into 
Fig. 15 X, 16 o), which functions as a uteni 
further emliryonic development takes place. The 
appears (Fig. 15 x), closely resembles a young 
polyp-bud, Ijeing a pockut-like invagination of 
the hilaminar body-wall. The outer or meso- 
dennal layer of this bilaminar inv^nation 
19 destined to envelop the embryo, while the 
inner ectodermal layer undei'goes degeneration 
in the course of further development. It 
was formerly somewhat doubtful whether 
the ooecium was altogether distinct from the 
primary e^-foUiole. According to Ebikiiark, 
it was derived directly from the epithelium 
of the ovary. Wherefls, according to 
SlnsCHNiKOFF, the egg passed out of the 
original follicle into the body-cavity, where 
the ooecium grew round it secondarily, '"'^' "'.^"ovuv ■' ™' 
according to Krakfelin and Bkaeh, the niiiimantotiheooecioDi. 
rudiment of the ooeciam presses closely on 

the egg while still in the ovary, and receives it from the egg-follicle. 
According to the statements of moat authors, cleavage is quite 
regular. Kkakpeltn, however, thought that he found certain 
differences in the blastomeres in the lirst stages. A dcavage-ravity 
etirly appears within the embryo, and a coelohlastulu (Fig. 16, A, e) 
develops, which, by a solid ingrowth of cells at one pole (Fig. 16, B), 
passes into the gostrula stage. The point of ingrowth, according to 
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tlie BtatementH of Davenpobt, Bhabk, and Kraepeliv, invariably 
correspondB tn that tK)le uf the embryo which is turne<l towards 
the wall of the zooeciura. At the same [wint, at a. later time, the 
first rudiment of the polypide is said to develop, so that we have 



here an ini[iorta]it ciimtmst to tho Cfym ni.il aemata, in which, so far 
as we know, the primary 
rudiment of the polypide 
always develops at the 
almnJ pole of the larva. 

Wliile the ingrowing 
cell-mass more and more 
tills the blaatocoele, a 
new cavity develojw with- 
in the former ; analogy 
with other aidmals might 
incline us to consider this 
cavity as the primary 
enteric cavity, but we are 
led by the study of the 
further coui^ of develop- 
ment to regard it as the 
liody-cavity. Tlie ingrow- 
ing cell-mass represents the 
mesodemi, and the cavity 
that develops within it 
the coelom. We thus 
find here a gastnilation 
in which the entoderm 
proper is apparently want- 
ing. Ab the coelom ic cavity increases in size, the mesodermal 
epithelial layer liecomea closely presaetl against the ectodenu, and 
in thifi way a hilaminar, vesicidar embryo develops (Fig. 16, C). 

We shall only lie uIjU to int«rpret this stkgc corrt-ctly if we compitre it with 
tha stage tlmt follows th« gastniU in moat mnrine Ectoprocta (Fig. 6, fJ,p), 
The primary entoderm there yields the ao-callod central tissne which reprstetita 
the enteric riidiioeut of the larva, out of which, however, important mesodermal 
organs of the primary nweciam are also derived. In the onihryo of the 
PhylactolaeiuBts this tiasua is represented by the inner epithelial layer. We 
mast here asaume tliat the larval JntEStine baa undergooe BXcesaivF rednction, 
so that not a vestige o( it can be seen, and, taking into cnnaideration the further 
development, we uiuat regaid tliia inner layer as niesoderm, and tlie oentral 
oarity encloied by it as the ODelom. 
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We sliall have to ukll Iha eiterti«l cdl-layer of the embryo tlie eetoderm, but 
it ronst not be forgotten that this U;er coatains iniliBereut embryonio lusterinl 
from which nill be produced the futnre rudiment of the polypide, Jnclndjng the 
cntodemial organs. 

The next ontogenetic phenomeaon is the development of the 
rudiment of the lirat polypide. The larvae of some freeh-water 
Bryozoa (Plumafelln) at the free ■ swimming stage contain two 
well -developed polypidea (Fig. 19 A), one of which, however, 
always seems to develop as the older primary polypide, and the 
other as a precocious daughter bud. Tlie larva of Plnmatdla 
Jrutieoaa, on the contrary, contains, according to Alijuak, only one 
primary polypide, and in Ci'UtateUa also, the second polypide does 

develop so early 
as in the above- 
named form. 
The polypides 
<Fig. 17, p) arise 
aa nmple invi^i- 
natiotis of the 
bilaminar wall 
of the enihryo. 
Their further 
development will 
he described 
more in detail 
below (p. 37). 
Tlie first indi- 
cations of the 
polypide - invagi- 
nation are found 
in the form of 
a simple thicken- 
ing of the body- 
wall. Kavkn- 
roBT states that, 
in Plumaiflln, the 
the first independent of the primary jKilypide. 

The conditio na in CrittaltUa are. according to Davenpuht, somcvhat 
different. We shall aee Vlow (ji. 47) that in this form every new bud ia 
intinmlcly connected at ila commence njent with nu older bud, and that the 
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inner budding zonp ur tlie iwljpidE u derived from a layer or embryonic tisane 
capablo of powtli, Ijiiig below the ectodorma! eiiilhelium. The ectodemisl 
layer of the [wlypide- rudiment in the eiuhrjo also is overgiown by the 
suminurling ectoderm. The ectoderni at this part is tberefure bikminar. The 
inner layer represents the tissue capahle of producing buds, from nhieh the 
inner layer of the polypidc-rudinient is derired. From this tisnue is derelopcd 
the inner Ujer ot the first polypide-rudiraent, and soon after, hy its side, the 
inysginatiou of the second polypide, wliich thus, in Criatatclla, is directly 
connected with the primary polypide. 

While the polypide-nidiments are developing, we find, in Plmna- 
lella, a zone of ectodermal cells encircliiig the middle of the embryo 
iiud fusing with the wall of the ooeciuin (Fig- 17, pi). This is the 
girillo-shaped jJacenta already reoognisod by Korotneff, by means 
of which the embryo is 3Ue]wnded in the uterua-soc and nourished. 
In Cri^talellA this is wanting; nouriBlimeiit here takes place through 
the ectodermal cell-plug which closes the neck nf the ooecium, and 
which is in close juxtaposition to the anterior pole of the embryo. 

In the later stages u circular fold of the body-wall develops 
(Fig. 17 B,f), wliich surrounds the anterior half of the body, and 
may be regarded as the equivalent of the mantle-fold of other 
Eryozoan larvae. An ectodeniinl thickening, including the posterior 
pole (Fig. 18 A, x), was regarded by Ostkoumopk as a veetigial 
sucker, while the anterior swollen part of the body in wltich tha 
polypide-rudiments appear may be considered as the equivalent of 
the retractile disc. 

Although, in tliis way, the larvs« of tlie Fhylaot«laemata may, without 
undue forciug, be compared with those of the marine fumis, a difficulty 
arises from the above -mentioned circumstance that the primitive gaatrnla- 
ingrowtli here occurs at the anterior jiole, which has been regarded as the 
equivalent of the retraotile disc. We are unable at present ti> overcome this 
obstacle in the way of comparing the larvae of the Phylactolaemata idth thoM 
of the Gynmolaematn. 

Tlie embryo, after developing hi the manner described abore, 
becomes covered externally with cilia, and, escaping from the parent, 
awims about freely. Acconling to Kraepelin, it emerges through 
the aperture of a degenerated polypide (usually that of the parent). 
Bra EH, on the contrary, holds that the cavity of the ooecium 
opens directly upon the exterior in order to allow of the passage 
of the cmbtyo. At this stage the larva is oval (Figs. 18 A and 
19 A), and the whole surface of its body is ciliated. At the anterior 
pole tliore is an aperture leading into the large mantle-cavity, fnmi 
the base of wliich the two polypide-rudiinents project. 

The attachment of the larva takes plaue at first by means of 
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raodified glandular ect'xiermal :^ells at the posterior pola (Fig. 

18 A, «)— sucker-rudiment of Ostboumoff. The projection which 
carries the polypides is cvagiiiat«d from the mantle -eavity, the 
mantle-fold {/) nt the same time bending back (Figs. 18 B and 

1 9 B). The posterior pole of the body now becomes detached from 
die substratum, the edgeis of the niautle-fold (/) approach eadi 
otlier till they fuse (Fig, 18 C), and in this way a cloBed sac foims 
in vhich is included the greater part of the external ciliated aorfoce 
of the larva, which then undet^oes degeneration. 

The essential distinction betneen the metamorphosis here described 
and that of the marine forma consists in the absence of the sucker. 
In consequence of this a basal adhesive plate does not develop. The 
whole wall of the yoting colony is derived exclusively from that part 
of the body-wall which, in llie larva, lined the mantle-covity. The 
condition of the mantle-fold consequently here resembles that in the 
marine forma. 




IV. Developmeiit of the Folrpide. 
We mast now describe more in detail the development of the 
poljpide, I.e., of the retraetde cephalic section of the animal plus 
the intestinal canal appended to it. For our knowledge of the 
metamorphosis of the larva and the development of the polypide tn 
the primary looecium, we are indebted chiefly to the observations of 
Repuchofk (No. 29) on Terulra, of Babkois (No. 9) on Lepr^ia, 
and of Prodho (No. 28) on Fluslrdta. The development of this 
primarj- polypide takes place in exactly the same manner as that 
of the |iolypides in the buds, which develop later in the colony, 
or in those zmiecia in which the aliraentan,' canal and polj-pide, as 
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already mentioned (p. 15), Irnve undergone degeneration, the polypido 
having therefore to be regenerated. In the forms mentioned above 
tbe regeneration of the polypide has repeatedly been investigated; 
notably by Nitsche (Nob. 23 and 52), Kkpiachopf (No. 30), Jolibt 
(No. 17), Haddon (No. 13), Obtroumoff (No. 26), and more recently 
by Sbbligbr (No. 37a), Davenport (Nos. 1 1 and 46a), Bkakm (No. 
i5a). Oka (No. 62a), and Krabpblik (No, 50).* The way in wliich 
the polypide develops in the statoblasts has Ijeen spL-i^iaJly described 
by Brabm (No. 45a) and Oka (No. 52a). 
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We have already seen the rudiment of the polj-pide arising in the 
primary zooeeium of Bugula (Fig. 12, B, p. 29) in the fonn of a 
double-walled aac, the inner cell-layer of which la said to be derived 
tlirough invagination from the retractile disc (see, however, the 
statements of Prouho, p. 24), while the outer layer has probably 
arisen from the cells of the central tissue. In the same way the 
firat rudiment of the polypidea in the buds (7.-, /c', Fig. 19), in the 
regenerated individuals, and in the statohlaste are bilaminar bocs, 
wluub arise through invagination nt one point of the bilaminar 
body-wall (endocyst). In the marine Erj-ozoa and in Plutnatella, such 
an invagination has, from tJie first, a lumen which passes direct 

• Cy. HABirEli, Qiuirl. Joiirn. Micro. Sci.. Vol. Kixiii., p. 123. 
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over into the huiieu of tlie [Kilypide-aic. In otlier caaea, e.g., ia 
Paludieelln (IJavhnport), wa find at first a solid ingrowth within 
which a lumen forms secondarily. The bilaminar sac tiiwiiys remains 
connected by a longer or shorter strand with that [lart of the body- 
wall at wMch the invagijiation occmrmi. This strand (only a portion 
of wliich is represented in Fig. 20, A and B), is derived from the 
neck of the primitive polypide invagination, liecomes hollow again 
at a later stage, and then represents the a]»rture of the tentacular 
fiheath (Fig. 20, C, ts). 





■ii<l KiTscuiiI. A, KU-Jike ruiLiTiiei t or the polyptrla. 
Th.^ iFiMtitian of Che niM-git ruiliincnl \d) |g nurk^ 
br a Ciiiistrtctinn. B. ileFBlDpHHiut of Ibc bmUcIe-boda 
(I) uul Uie HHphiguI iDngltmClou (m). C, older 
cmlugaiietlc bUrb Id coDaection with the endoc fit (c, «). 
a, eitemal, t, Intennl liyer of the polyt^de-nidtlneBt ; 
il, iidd-gqt radlmmt: i, t, endocjit: m, Dwach j n, Id- 
vi^nitlDn tm the fonnitlaD of the giiiglloD; ve, 
OHO[^gni: r, relnctor miucle; I. tfinltdo; U, tah< 
luular Bhuth : a (In C), loui. 

Tia outer layer of tlie polypide-eac (Fig. 20, A, a) is continuoiu 
with the mesodermal layer of the body-wall (endocyst), and yields 
the mesodermal part of the polypide (the lining of the body-cavity, 
and the lai^er groujjs of muscles, &c.). The inner layer (Fig. 20, A, t) 
ia derived fri>m the primitive ectoderm, and yields the ectodermal 
epithelium of the whole polypide and of the tentacle sheath, the 
nervous system, and the lining epitheliuni of the whole of the 
digestive tract. We should be justified In calling this layer the ecto- 
derm of tlie polypide, did not the midgut epithelium also originate 
from it.* 

M. in a racent work on the devsloTHDeat oX Plu .. 
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According to the ninri: fecent rpaesrclies of Sekligbk, Dj 
Brarh, aud Oka on tiie devElopmeDt of the huda, thtTe can he no doubt that 
the inner layer of the liilaminar sac ia to be derireil hj invagination from the 
ectodermal layer of tlie parent, the outer lajer, on the eoutrary, owing its origitl 
to the meaoderm of the latter. Some of the earlier obaervere had derived the 
whole bod from the ectoderm of the parent (Kithcbe, Ehleur, and Ci.Ai-AHfcDK], 
while Hahdok licid that all the three germ-lay era of the iiarcut take [art in the 
formation of the bud. According to Jolibt (Ko. 17), on the contrarj, the first 
rudiment of the [lolTpide in Etitratea is derived exclusively from the fimiCDlar 
tiasuB (endosai'c), i.t., from a layer tvhieh tre regard as belonging to the 
meaoderm. The first rudiment of the polypida ia said here to consiat of a miHa of 
similar cella, which lieeome arranged only secondarily into two layers, the inner 
cells acquiring an epithelial character and surrounding a central uavity, whilo 
the superficial cells yield the outer layet. 

The first change which can be remarked in the bilnminar polypide- 
sac consists in the formation of a diverticulum (Fig. 20 A, d ; 
23 B, d), which represents the flrst rudiment of the enteric canal, 
especially that of the stomach and hind-gut. Tlic origin of this 
diverticulum con be traced to a constriction or infolding of tliu 
wall of the primitive sac takmg place from each side. In conee- 
quence of thla, the lumen of the enteric rudiment at first remains 
connected along its whole length through a narrow slit witli the 
lumen of the rest of the sac. Aa the intestine becomes mote 
differentiated this slit becomes narrower, but never completely 
closed, for it persists aa the anal aperture (Fig. 20 C, a). In the 
following stages a second diverticulum develops at the oppoeite 
(oral) side of the polypide-sac (Fig. 20 B, oe); this diverticulum, 
which represents the rudiment of the oesophagus, grows out towards 
the blind end of the tirat diverticulum and fuses with it (Fig. 
20 C), After communication has been establislied at the point 
where the two diverticula come into contact, the intestinal canal 
ia essentially complete, the so-called stomach -caecum developing at 
a later period. 

The description here f^ven of the development of Che enteric canal is fouiided 
npoD the sUtementa of Barkois (No. 0), Paouno (No. SB), BnaBU.(Na. 45a}, 
Davknport (Noe. 11 and 16a), and Eraepelih (Xo, fiO). A niudiflcatjon of 
this process was described by Nitbuhr (No. 23) in Flainalella and FtuMra 
^rumbratiatea, and more recently by OsraouMorF (No. 26), the formation of the 
intestine taking piaoe tlirough two ingrowtha which extend into the interior of 
the sac-like jwlypide- rudiment, from right and left, meeting and fusing in the 
median plane. The ajierturea left in front oF and behind this fusion bcoome 
the oral and anal a]iertures. "Tlils proceas reacniblea what takes place if we 
hold an indiarubber ball with a donbte wall in our two hands aud \vtta it on 
each aide with a linger nntil the finger-tipa are separated only by the four-fold 
wall of the ball." The oesophagus in this caau would not have an independent 
origin. Sebuork obaerved a similar origin for the alimentary canal - - - 
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of Bugula. It sliould here iiB pointed oat that tlic tivn diirerent lyi'es of 
development of the intestine are not fandaiuontally op[io3&i to one another ; in 
lioth fasm a, constrictiou pressing in from eocli side brin^ >bcmt Ihc separation 
of the enteric canal rrotn tlie atrium. Whether tlie rudiment of tlie oesophagni 
is compSeted at the same time is of comparatively little imporlance, and we 
nuy well imagine, even in nearly related forms, that in »omc caaoa the first and, 
in others, the second tyjie of Imd-develojimeiit may be found. 

In Ptainclla, on tlie contrary [Oka, No. 52a), in the statoblaats as well as in 
the buds, the diverticulum that forma first vi said to represent the common 
rndiment of the oeaoplingus and the stomach, so that bore the oral apertare 
a*ems to form fint. The intestine is said here to grow out as a caecum from the 
stomach and to open towards the atrinm [the upper cavity], the anal aperture 
saBioing to forni in this way. 

Tlie ganglion can be traced back to an invBgiDixtion wluch forms at 
the base of the upper cavity or atrium between the oral aud the anal 
apertures (Fig. 20 C, n). The lumen of this invagiualion gives rise 
to the future brain-cavity. After the rudiment of tlie ganglion has 
been completely cut off from the surface layer, an ear-shaped diverti- 
culum fonns on each aide of it (Ijraeh) ; these diverticula represent 
tlie rudiments of the lophophond nerves. Each grows out as two 
nerves, one of which runs posteriorly into the corresponding arm of 
the lophophore, while the other runs forward and spreads out upon 
the oesophogua. 

The portion of the primary aac which remains after the intestine 
has been separated from it is known as the atrium (Fig. 23 B, at) or 
the cavity of the tvntiicular sheath. The greater part of its wall 
becomes modified into the tentacular slieath. The rudiments of the 
lophophore and of the tentacles (Fig. 23 B, at) develop early in 
the base of this cavity. The first rudiment of the lophophore takes 
the farm of a swelling projecting into the atrium, and forming a 
semicircular border to the oral aperture. In the Gymnolaemata, this 
swelling cloaea in front of the anal aperture to form a ring, encircling 
the mouth, which carries the tentacles. CorroB]H>nding to the 
inwardly projecting swelling of the lophophore, there is, on the 
outer side of the polypide-sac, a groove which soon changes into 
a closed canal This is the so-called circular canal, which must be 
regarded as i>art of the body-cavity. The tentacles arise as out- 
growths of the lophophore resembling the fingeiii of a glove. In 
the Gymnolaemata they are situated in a row on either side of the 
body (Davenport, Prodho). Only later do these two rows become 
connected through the development of the tentacle-buds in front of 
the mouth, while the last tentacles to arise close the ring on 
side. 
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In the Pliyliictolaemata tlie posterior euds of the Bemicircular 
rudinieut of the lopho|ihore grow out aa laige finger-like structures 
(Fig. 23, C, I), pnyecting into the atrium. These are the mdimentB 
of the two arms of the lophophore. The cnvitieB witliin tlieae 
processes (iopliophore-cavitiea) are to be regarded as a pnrt of the 
body-cavity.. They communicatG with one another tlirough the 
Bemicirculor canal that encircles the oesophagus. On the anal side, 
according to Baakm, they ai-e connected by the so-called forked 
ranal, so that lierra also Uve eystem of lophophore-cavitiea forms a 
ring surrounding the oesophagus. Another significance has been 
ftttributed to this forked canal by Gobi (p. 56). In the Phylacto- 
laemata the outer tentacles make their appenrnnce before those on 
the inner side ot the lophophore. The former appear first in the 
neighbourhood of the mouth and gradually fresh tentacles are Added, 
each new one being nearer the free end of the lophophore, those at 
the apex forming laat. The tentacles of the inuer row develop in 
the reverse order, i.e., thoee nearest the apex arise first, whilst 
those near the epistome and above the forked canal are the last to 
appear. 

The epistome arises as a projecting fold ou the anal side of the 
oral aperture, and into it is continued an outgrowtli of the body- 
cavity — the cpistomal cavity. It should be lueutioned that several 
authors (Sbbliuer and others) maintain that a nidimentary epbtome 
is to be found in the Gymnolaomata. 

The outer or mesodermal layer of the polypide-rudiment gives rise 
to the following parts : the peritoneal covering of the enteric canal, 
the muscle-layer of the intestine, and some of the body-maacles, 
especially the retractors. Tlie development of the latter has been 
studied chiefly by Brasm and Davenport. Groups of niesoderm- 
cells become detached at the neck of the bud, and become inserted 
at one end upon the polypide and at the other on the zooecial 
waU. These rudiments of the retractor miuiclea are originally 
inserted at a [K)int on the zooecial wall quite near the neck of 
the bud, and only at a later stage, aa the wall develoijs, do the 
points of insertion shift further from the aperture of the polypide- 
rudiment. 

In the Phjlactolaemata, the outer mesoderm-layLT of the polypide- 
bud also takes an important part in the development of t\m funiculus, 
which will be dealt with later (p. 50). The nephridia of the Phyloc- 
tolaemata also, the existence o( which has beeu maintained by 
Vkbworn and CoRi, and recently confirmed by Blochuann, although 



denied bj BuAEit and Kiiaepelis, are proUubly to be traced bat:k 
to tliie layer.* 

It is thus erident tliitt the iuocr Jiiyer of the bilnminar polypide- 
rndimeut yields the ectodermal epithelial hiyer of the polypide, aud 
also the epitheiia) lining of the enteric canal and those parts which 
we have been occustouied to attribute to the entodenu. From the 
outer layer of tho polypide-rudiment are derived tlie meaodennal 
structures (the Bplanchuic layer of the mesoderm, tho retractor- 
inuBcles, the lining of the tentacle-cavities, etc.). 

When the rudiments of tho organs described above have fully 
developed, the atrial cavity of the jjolypide-nidiment becomes 
connected with the exterior, and throtigh the niierture so formed 
the anterior portion of tlie jwlypide witli its crown of tentacles, 
the introvert, can \>p. protruded and extended. 

It iDQit strike tlie reador as very remarltablB th«l, «ccordiug to the «bove 
BUtemesU, the wbolB lining ejutlieliuni of the alimentary CAnal (both the part 
Muatly derived Irani the ectodctin and the cntodsmial jiart) ia derived fram 
one and the suiie rtidimeut, the ioner layer of the uc'like polyjiide-rudimeat. 
In the prirasry zoocoium ot Biiytilii it was poBsible to trace this layer back 
to an inTaginatioa of tlie ectoderm at the larva ; nnd in llie aanie way, in the 
polypide-rudiment af the biide and of the regenerating individanls it may In 
traoed back to Ihi! ectwierm of the ^ooceia. If thi-se ubaervations are coirect, 
we should be forced to as.'ninie that the whole enteric canal here Driginatea from 
the ectoderm. 

Several attetnpta have in uonseqnence been made to find Hinie other origin for 
tlie middle (entodeimal) | art of the alimenury canal. A suggeation of a dietinut 
origin for t)ie enteron is yielded by the constant connectiou discovered by 
Repiacuoff (So. SO), at later Htages, between the enC«rie rudiment of the 
polypide and ths su.called Irrounv body. In the pnm&ry rooeciam, the brown 
body CDUtaiiis the mane which has arieeo by tho degeneration of the larval 
orgBUa and of the central tissue, while the brown bodies round in the degen- 
erated xooccia of the adult culotiy enclosed in cellular envelopes of their own 
ninat be regarded as remains of the degeoerated parent. polypide. The nidimont 
of the int«atiae, uhich in the bnd of the newly- forming polypide is originally 
cotinected with the brown body through strands of fuiiiculai' tiwue, at a latcr 
slage oomeH into uontsut with it, and is said linally to grow roaud it and to 
receive it ioto the interior of the enteric cavity. The last remains of the brown 
body are then said tn be expelled through tho anal aperture of the newly- 
fonned polypide. During this circumcrescence, according to Osteoumopf 
(No. 26), the epithelial layer ot the atomach'Caecum ia yielded by the colls 

* [Oka, jBiir. Sci. Coll. Japan, Vol. viiL, p. 336, states that the Ecto- 
proctoos Polyzoa hare no nephridia. Ho does not regard the ciliated portioua 
of the coeloniic epithelium, which apparently open by a, poro under the median 
tentacle, as uepliridia. He states that the excretory fnuction is carried on by 
free ineB<)dcnn» cells, which leave the bod}' through the above-mentioned pore, 
their passage to the exterior being BtcUitoted by tho presence of cilia on the 
oells of the iieriCoiieal epithelium adjacent to tho ]<Dre. The tube-like character 
of these modified peritoneal areas is due to the presence in the Phylactolaemata 
of an epiatomedophophoral partition, — Ed.] 




BRYOZOA KCTOFHOCTA. 

of the bro\Tti hody. A ci^rluin lUlliciilty atteods tLiH OHaiiiiLptinii, iu consequence 
of the dovelojimcut of the inteatiiie iu the young bti'ls, in which there is no 
brown body. Ostroduoff, however, triei to esoape these diHicultiea bjr 
poiiitiug out tlie relatiolia eatabliahed by the fimicular tisaue betweun the 
lareiit-zooecium and the blld, as well u by asBuniilig that hi this way ento- 
domial ccll-massea paan fVoiu the pnrent into tlie bud. In tiiis ree|>ect the 
vleiTB of OsTRorxoiT liavn something iu conmiou irith those of IIaudon, 
who held that alt the three gerin-kyera of the jmrcnt-zoowiuin took jiart in 
the formation of the bud. According to Jouet (No. 17), the alimentary canal 
of the developing jtulypide does not origiuate from tho Inner layer of t)ie 
bilaminar eac-like po1yi>ide-nidinient, but from a distinct ce11-mas« derivd frotii 
the outer layer of that rudiment. The inner layer of the polypide-nidiment 
woald then yield only the ectodermal parts of the poly[iide, while tlie outer layer 
would contain the Dieaodermal and cutodormal pai'ta. In auy case, according 
to JoMET, the enteric canal (mid-gut) has on origin diBtiiict from that of the 
ectodermal rudiment. The most recent reeearohes, however, confimi the view 
that the whole inteBtiue of the polypide originates fioni tlie inner layer of the 
double-walled me, i.e., from the ectoderm, but Pkoiho dilfera to some extent 
from tlio description given above and founded on the statements of more recent 
authors, for he regards a small mass of irregnUrlj-arranged cells, lying at the 
end of the diverticulum d in Fig, 20, as the rudiment of the mid-gut, while the 
hiud-gut ai^sea exclusively Irom the diverticulum itself According to PllotlHO, 
indeed, this cell-niaas is to he derived from this same diverticulum ; but it 
cannot be denied that thix sbttement is likely to Htltngthen the doubt that hfts 
long been felt ns to (he common origin of the fui-e-, mid-, and hind-guts. 

V, Asexual Keproduction of the Ectoprocta. 
A. Budding. 

In the Bryozon, the colonies are produced by llie continuoUB 
budding of the primary individual. The nature of thia budding 
has been ciirefully studied by Nitbohb {Noa. 23 and 52), and more 
recently by Braeh (No. 45a) and Havkntobt (Xos. 1 1 luid 46a).* 
Two kindfl of buda may usually be distinguished, according to 
the direction of their growth: — (1) tlioae that continue to grow in 
the same direction as the ]>urent-zooeciuni, sueh buda serving for the 
direct prolongation of the branch or branchlet to which the parent- 
zooid belongs; and (2) those that, in gi^owing out from the 
pareiil-zooecium, take a now Jireetion and thus give rise to uew 
branches. In many cases the new branches grow out laterally. 
The buds of the second kind are then lateral butls, wliiln the median 
buds provide for the continuatiun of the branches, such individuals 
usually continuiug iu the same axial direction as tbe parent. It 
should, however, be mentioued, that in many cases median buds 
may also give rise to new branches, since, while retaining tbe same i 
plane as tlie mother, tliey may take a uew dii'ectiou. 

L* [For the development of tlie colony iu the Gyumolaemata, see important 
najiei's by IlAiiUEn on Liehcacfora, Ceaia, and Tvb«Hporit. IJuart. Jcum. J 
Micro, ScL, Vols, xiii., xxxii., and xli.— Ed.] V 
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Ths devclofimfnt of the liuds and llifl branuliin); of tlie stoclt tLertby 
dotenuiaeil takes plice in tlie diflcrent Foiins of Biyozoa iicc<rnliiig to clcfiiiite 
laws which vers long since nylacsd to certain written furmalae. For the laws 
of growth of Ih« colonics, which cannot here be entered upon ia detail, we refer 
the reader chielly to Davknivrt's treatise (Ko. U). Bkaeu, for Flumnlcltix, 
has eompoaed a rormub which also appliea to the other Phylaclolncmata. 
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In this, the }iarenl niid oira[iriJig are always connected by a bracket T ' th 

This fortnula wili be explained by eonipniing it with Fifi. 21. The primi 

indiTidnal A has given rise by l)udding 

to the individuals B, B', B'; B, on its 

aide, has produced V and C, and so 

on. The individuals A, S, C, J), Ct., 

the ao-called principal bnds resnlting 

from the firat division, nei've for the 

eontinaatdon of the princijjal stem in a 

MQtrirngal direction, while the iiitiT- 

meduite huds B', S*, S', etc., beuoniB 

iatercalated between the oldest bnd and 

the mother A, and lead to secondary 

l>ru)ctiing of the steui. The order of 

BQCctwion in the tno cases is reversed. 

or the principal buds, the distal indi- 

Tiduftl which denotes tlio tip of the 

bnneh (iu this cuae G) is the yonngest. 

while of the intermediate buds B', iP, 

fi*, the last-formed individual (S*) Hea _ _ 

nearest to the mother-in dividiml A. ' (in«r Bri'ih}. K, iliagniii {lIuBtrnting the 

The number of buds that each indi- >innchiii|i uf iliis rurm, 
vidoat is papalle of p-oducing is often 

limited. In Orittalella, for instance, only two buds are, as a mie, produced, 
the elder being a hkteral bud and the younger a meiliati bud. In FaludiceUa, 
an the contrary, each individual is able to produce a median hud and two lateral 
buda, and so on. 

The variations in the appearance of the Bryozoan stocks are caused by the 
coDstitution of the zooecial n-oll, which through stronger chitiniaation or 
impregnation with liuie salts may become stiffened, or, on the other hand, may 
bt soft {Cridatelln] or even gelatioous (^/eirfmti/iuiit, FJuitrellii), and by the 
more or leas elose juxtaposition of the single branches. When the latter 
retain their independence, moss-like colonies with serrated branches are formed. 
When the separata brandies lie so close to one another in the same plane that 
the neighbouring branches fuse together, leaf-like, fan-shaped, or encru.4ting 
colonies are produced, while close crowding of the branches in various planes 
leads to the duvelopnient of fungoid forms {PlumaltUn fungeiaa). The fosion 
of the separate znoecia has gone furthest in Crittalelta, iu which the originally 
distinct character of the branehoa is indicated only by the mesodermal septa 
growing in from the edge of the colony. 
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The jouDgcat liuilii lie, lu & rule, at the apex of tlit^ )>niiicli. 
ciilonies, tlie eilge of the colony thus repMSonta tlie buddiug zone, frotu whicli 
the further growth of the colony prooeeiiB. In the same way, in CrittaUlln, 
the foungeit individual s, thofle in the act of forming, are at the edge of the 
colony [Fig. 22 fa}, while the oldest (rfp) lie at its centre, 

Bkaeh hai pointed out an itupottaut distinction bettreen the reUtiona of tlie 
biiii to the parent in tlie PhyliLCtohwinata and in the CyninotaeDiata. The 
colony in tlie PhylactoUeinata sriaes in such a way tlmt the oral aide of >iach 
iudiTidunl ia directed taH*ardB the distal end of tiie branch to which it belongi. 
The younger iodividuals therefore bud out on the oral side of the older (Fig. 22). 
lu tiie Gynlaolaemata, on the contrary, the individuals are placed in the 
opposite way, eaoh new hud arising on the anal side of tiie parent (e/ Fig. S<). 
A similar distiurtion between the two groui» is found in the |>ositinn of the 
separata individuals with res]>ect to the substratum. In the Phylactolaemata 
the iudividuois, in a withdrawn condition, tnrn the oral aide to the substratuni, 
while in the Oyninolacniata the anal side is thus turned, Tlie attempts made 
by Bkakm and Davenport to 
trace Itackthe^dilTerent relative 
positinnB uf the bud and the 
mother iu the Uyninolaeniata 
and the Phylnctolaemata to a 
conimon lyiw do not aeem to 
us altogether successful. 

Bkakm presupiKises, in the 
Gymnolaeniata. a degenerate 
primary individual which cor- 
responds to the distal end (apex) 
Ms«. of tlie sleni. Through this 

assumption he makes the prin- 
ci[ial bods of the Gyninolaemata agi-ee with the intermediate buds of tlie 
riiylactolaemala. According to Davenkiht, on the other hand, in both 
grOMps, each bud turns its anal side to the budding zone from whiaii it has 
originated. Iu the Cymuolaemata, this zone lies at the apex of tlie stem, i.e., 
diatally, but in the PhyloctolaemaU it lies proxinially. To ua it appears that 
in this very point of the jiositiou of the budding zone there is no essential 
distinctiou between the Uyninoloemata and the Phylsctolaemata, since, in both 
coses, the youngest huds appear dietally, that is, at the edge of the colony. 
Consequently the budding zone must, in both cases, have the sslne [lositioil. 

It lias already been pointed out by NiTSCiiE (No. 52) that two 
distiact types of budiliiig occur in the Ectoproctii, the (lynmoIaemEta 
being in tbia way opposed to the Phylactolaomato. In the first of 
thcae groups the tyjie of budding iu which the zooecium forms first 
is common. In this cose the zooecium of the bud arises Hist as an 
outgrowth or diverticulum of the parent-zooecium (Fig. 24), and 
only lifter this has attained a certain size and independence does the 
first rudiment of the polypide (p) iippear in it as a bilaminnr 
invogiikation of the nooecial walL In the Fhylactolocmata, on the 
(lontiary, the polypide of the bud appears first, in close proximity to 
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tiic parent-ijolj-p d it- tl dire t de. ndai t of the latter (Fig, 23). 
Only later does t si ft f 1 f n m the ( a ut-polyjiide, newly- 
forraed parts of tl je al nail be ^ nt p Bed between them. 

This latter ia the type f h dd nj, n 1 1 tl « polypide forms first. 

1 ur the bud is nut alnajs & direct outgrowth of I lie pacent- 
ir budding may be brought about by spvciuil biual extetiaiQiia (sIoIoub) 
aa. Tur insUnoe, in tlii^ CjLlostoniatous BryoKon (O.stbouuuff, No. 25), nud in 
Mriic of the Cteuo^toiuata (tlie gi'ou[i of the Stolouifcra). 




lupbophdn 



of CriUa-ala, C, dcvi 
ertlopiug polfplilt ; b. 



It appears tliat in all Bryozoa budding takes place only at definite parts of 
the parent in which the original capacity for regeneration lias been retaineil, 
lu the Pbylnctoloemata, in which asexual reproduction according to tlie type in 
which the polypide preucdes the zooeciuiu is roteined, the rise (if » neir |>oiypid« - 
niHinient is, aa lirat shown hy HAl'scHeK, and more recently by Brakm and 
Davbni^bt, always connected with au already developing polypide-rudiment 
(Fig. 23}. While the [urent- polypide, whii:h was originally a hilaminar 
invagination of the bndy-wall,devela]>3 in the way described above (Pig. 23 A, a), 
there is often found at the neck of this invagination, on its oral side, au 
ontgrowth ; this ie tlie rudiment of the daughter-bud (A). As the two rudiiueuts 
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develop fiirtlipr, tliey become more diatinotly marked off from one anathi-r 
(Fig. 23 h), uud finally sliift qait<! ap&rt, a jioTtion ul' tlie tissue of the neck 
nf the l)ud lieiog used for ttie derelDpmeut of tlia adjacent [arts uf the looecin] 
veali (Hrabm). Nitsghb Imd already observed this fomi of origin of ono 
polypide-mdimout from anotlier, and defiiiod such foniis as donble bads. Id 
PiKiaaUllaf as well as in CrUlatella, the (irst bud to develop in each polyfudo 
IB, C in the diagram, Fig. 21) forms after the type of the dooble bud. The 
buda that develop later [B', JP, C, etc., lu the diagram) fomi after aoather 
type which, hamever, is not tssentially differeDt. The rudiniont of the bud 
here arises (Fig. S3 C, b) in the zooecial tvall itaelf cm the oral side of the parent 
jmlypide -rudiment ; the young bud-rudiment i», however, from the fint, in 
direct connection with the germinating tissue of the pnrent-radiment, so thst 
here also we can recoguiae tlic connection of each new rudiment ivitli an alder 
one. We can see here very clearly tliat budding is to ))e traced back to & 
process of diviaion. Each nowly arising individiul becomes cut off from an 
older individual already pi'esent, so Chat hnally nil the individuals of a colony 
can be derii-ed from the first individual produced from the larva. 




soglton 
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Author? etill differ as to tbe development of the zooecial wall in tbe Fhylacto- 
laeinats. Braeu is inclined to derive it exclusively from the germ-tissne of the 
neck of the bud, but Davxntort maintains that tlic zooecial wall grom 
independently in Criitatella, at least at Uie marginal parts of the colony. 

Another method of budding, in which the rudiment of the polypide fau 
from the first a certain independence, forma tbe traoaition to the type of 
budding in which the zooeciam develops lirst, a tyjie common in the Gymno- 
Inemata. Fig. 21 illustrates the rise of new individuals at tbe apex of a 
branch of Paludicella (Davbspobt). The ajiex of the branch is here occopied 
by actively growing tissue {d), which gives rise first of nil to the zooecium of tlie 
new individual. While the woll of this new looeeium undergoes the general 
histological transformation by means of which it attains the special character of 
the adnlt form, the tissue, at one definite point, rebuna its embryonic chuutcr 
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knd iU capacity for regenerating, and at tliis poiDt tlie polypide- rudiment arises 
(ji). Two islauds of germiuating tisatiB which persist ut the two sides of this 
mdimeiit represent Utose parts of the sooectal nail which, later, form the 
HtartinK point of the lateral buda. 

It was pointed out by Nitschb (No. 23), and more recently by 
PSROSKa (No. 27), that the oldeat individuals of the Bryozoan 
colony, and above all the primary zooecium derived from the larva, 
may, in many cases, he distinguished from the other normal zooecia 
of the colony by their shape and size as well as by their method of 
budding. For example, NrracHB found that the primary zooecium in 
FlvMra viembranaeea is remarkably similar to that of Membranipora, 
and with respect to budding agrees with Meiiibrani}>ora jnlaaa as 
described hy Sohneidbr (No. 5), i.e., a number of buds here appear, 
whereas the secondary zooecia of Fluatra wembranaeea, as a rule, 
prodnce only one bud each at the distal end. Pebobns also found 
that the prinmry zooecium of Micrtrjwrella passed throngh a Mem- 
braniporan stage, while the buda produced from it grew into Kooecia 
of normal shape. 

Hetcromorphoua developnient of single individuals often occurs in 
the Ectojirocta. Thus in the polymorphous stock there may be 
found, besides tho usual individuals, root-processes, and sjiecialiBed 
organs knoivn as oo&ria, oi'icells, avicularia, and fibrcKula which are 
regarded as polypides modified in adaptation to a special fiuiction. 

B. The development of Statoblasts. 

A special kind of asexual niultipHi^ation is brought aljout in the 
Pbylactolaemata by the production of peculiar reproductive bodies, 
the so-called gtatohJante. Tliia form of development may be traced 
back to budding. The recent researches of Kraefblin and Braxu 
prove that the statoblasts are undoubtedly ew-ysleil pernttetit hudu, 
intended to secure the continuance and distribution iif the fresh- 
water Bryozou during t!ie winter months. 

The lenticTilar statoblasts or winter eggs (Fig, 27 B) consist of a 
mass of cells, the germ-body, enclosed in a thick euticular envelope 
(d), the latter is usually provided with a ring of air-cells which serve 
as a float (n'). In the germ-body we can distinguish a superficial 
epithelium, discovered by Heinhabd (Fig. 27 A, ec), and a granular 
cellular mass rich in yolk (d), Tlie stnicttire of the germ-body can 
therefore be compared to that of the Ectoproctous embryo described 
above (p. 15), if we regard the superficial epithelium as the ectoderm 
and the granular inner mass as the equivalent of the central tissue. 
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The statol.iliieta arise in connection with ii mesoilermal strand 
known aa tlie /unicuiua, which ninH from the end of the stomach- 
caecum to the zooecia! wall (Fig. 28, /). Along this stntnd they 
are arranged in u chain, tlic youngest visible rudiment of a stato- 
blast appearing at the end of the funiculus nearest to the zooecial 
wall, while the most developed aw found near the stoniaeJi -caecum. 

To obtain a clear view of the origin and aignificance of the statu- 
IJasts, we must, following Bbaem, examine the earliest stages in 
the development of the 
funiculuN. This strand 
first arises as a fold-lika 
])rominencL' in the out«r 
(raeaoiiermal) layer on 
the oTil side of the neck 
in the young jwlypide- 
nidiment. In the fur- 
ther course of develop- 
ment, this fold separates 
from the neck of the 
|K)lypide-nidimeut (Fig. 
25 A), 80 that it as- 
sumes the form of a 
short strand {/), this 
being inseited at its 
upper cud into the 
itouGcial wall, and at, its 
lower into the polypide- 
nidiment. Thiuugh th« 

/.-•'' \i^if'J'~'X ^'iSF furtlier growth of the 

'■"■ II )Cl zooecial wall, the upper 

point of insertion of the 
funiculus shifts further 
fuither from the 
aperture of tlie jiolypide, 
and may finally reocli 
the basal surface of the 
zooecium. 
The funiculus, in its origin, is, aa we have seen, purely meso- 
dermal. Very soon, however, a conical mass of ectoderm -cells, 
capable of further growth hy division (Fig. 25 B, er), grows ont 
from the zooecial wall into the funiculus, which in this way becomes 
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(ectodBrauil), v, 
lanEltudlul te 



[imooderrail) bodillng l*rgr. B. 
hrough ■ fuiilcului or CrMoUfa 
foniutUvB toHflii"; eg. "cyitjg«n 
t rudlmeDb {il) ; e, oclodtnii ; 
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"bilamiiinr, consisting (if an inner uore of ectoderiD auJ an outer layer 
tif mesoderm. At the lower end of this cone the tirat atatoblast- 
rudiments fomi, a group of ectoderm-cells (ey) Incoming detached 
from the central core and arranged round a small cavity, thus 
forming a vesicle. This part of the stntobloet'rudinient liim been 
named by Xitschb the "cyatigen half," us from it are formed the 
cyats of the slatoblasts. A second part of the rudiment, the so- 
called " formative mass " (/'i/i), arises from tbe outer mesodermal 
layer of the funiculus. It represents the rudiment of the inner 
mesodermal mass which, filled with particles of food-yolk, ia found 
in the statoblasts, whQe the " cystigen hall " yields not only tbe 
cell'hiyer wliieh secretes the cyst but, as REiNaARo has prcived, the 
«ctodennal layer of tbe etatoblast-germ (Fig. 26 A, a and b). 

According to DAVEsrosT (No, j6a) Che fimienlus is to bo Imced hack not bo 
much t« n fold its to nu active indepdndeiit wandering of itn ootiiponent 
nieaodemi-cells. KR*ErELlN (No. SO) liaa stabyl tlist Ihu inner Ufcr of tlie 
funicidua does not grow iu Ironi the iooeci»l wall, but from tbe internal lining 
of the stomach -cnecuiii at the opposite end of the strand. If H'e follow the 
stuteDienta by Braeu given above, the esxential agreement hetweeu the rudi- 
inent of the fnnicnlus and that of «. polypide-bod ia very clear, bo that we are 
juntilied in regarding the stntoblaats as internal bodg. A view formerly held 
by Vkrworn (No. b7] derived the cystigen half and the formative niMi from ft 
Hinglc veil, which underwent a process of cleavage. Verh'okn was therefore 
inclined to regard the statoblosts as parthenogenetic winter eggs. 

As the statoblasta develop further, the complete ctrcumcrescence of 
the "formative mass" (Fig. 26, b) by the vesicular "cyatigen half" 
{ft) takes place. The point last affect«d by tliis circumcrescence (j>), 
■where for some time an aperture can he seen, corresponds to the 
middle point of the lower surface of the lens-shapeil statohlast, 
which is usually somewhat more convex than tbe other. The 
"fomiative mass" ia in tliia way enveloped by two layera of the 
*' cystigen half" {a' and a"). Tbe inner layer (a") eorrespondB to 
the ectoderm of the statoblast, while the outer layer {a') is concerned 
in the formation of the shell (c). The cells of this outer layer first 
secrete on their inner ends, i.e., on the side ne\t to the ectodenn 
of the statoblost, a cuticular cyat (c) which surrounds the statoblast. 
In the Buhstance of this cyst, a slit or line of demarcation soon 
appears, corres|ionding to the equator of the cyat ; this indicates 
the division of the cyst into tbe two watch-glass-like halves which 
ttoparate later to allow of the eacape of the young colony. After 
this chitinoiis envelope has been Becrete<l, the marginal cells of the 
secreting layer elongate and form a fold round the statoblasL Tliese 
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cfUa now forui tlie annular float, tiio wliole surface of each of 
them becoming cuticularised. The protoplasmic hody remaining 
within the cuticuiar cells then completely diaappeara. When the 
annular float is completed, it ia grown over from above and below 
by the margins of the central caps of the chitinoua secreting layer, 
which then aecretes an external enveloping chitioous layer (Fig. 27, 
ud and ckI). 

In CTistnldla, the eijuator of tho dovi'lojung atatoblasts is at riglit angles to 
the longitudinal axis of the funiculus. In PlumnleUa, on the contrary, it lies 
paraDel to that structure. The elongated form of the statjiblasti of Phimoiella 
is explained in this nay. The mast (wmplicatad conditions are found in tbe 
aunular Host of Crittatelta. For an account of these ire must refer the reader 
to Verwohn and Bkaem. 




Tlie gemi-lwdy proper consists of the ectodermal layer (Fig. 
26 C, a') and of the formative mass (6) which this surrounds. In 
proportion as the cells of the latter liecome filled with food-yolk 
the boundaries Ijetween them disappear. But not all the cells of 
the formative mass undergo this tranaformution. Some of them 
which are in close contact with the ectodermal layer remain 
nncbaiiged. It appears that these cells, which Dkabu found to be 
specially plentiful in Ci-tstatella, where they often form a continuous 
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layer under t!io euttnlenii, are uf iuniurlanco in thu ilcvelofiment of 
the mesoderm-layur (Fig. 27 A, m) of the young colony. 

The completely formed statoblosts which, after the dtsintogro:- 
tion of the parent colony, become free, are not at once capable of 
regeneratioiL The capacity for further development, as a rule, 
appears only after they have been frozen, or after a long period 
of rest when air has Iwen excluded (Brarh). A higher temperature 
or contact with air stimulates the statoblasts, which arc then capable 
of germinating, to further development. 

A transformation of the cells of the inner yolk-n 
place. Tliose of 

the superficial ^ />■ 

layer assume the _-,_L___ 

appearance of — 

ordinary embrj 
onic cells and 
become applied \[ 

to the ectoderm ^ 

(Fig.27,«-),thiH 
thickening the 
layer of meso- 
dermal elements 
(ni) mentioned 
above as lying 
below the ecto- 
derm. This me- 
sodermal layer 
consequently 
soon becomes a 
continuous epi- 
thelium. The 
first rudiment 
of the primary 
polypide consists 
of a rounded ec- 
todermal thick- 
ening (germ-disc, 
Fig. 27 A, p) 
which develops 

in tlie middle of that side of the stotoblaat whi::h, when floating, is 
turned downwards, i.e., at the point at which tJio circumcrescence 
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iif the formatiA'e liy the ej-atigen half was concliuled {Fig. 26 C, p). 
The germ-disc, in wliich must also bo iiicludod the adjacent lower 
meaodemial layer, now becomes invaginated into the yolk-niosB. 
The closing of the aperture of this invagination gives the polyjiide- 
nidinient the form of n liilsminar sac, which devcloiia further 
according to the type descril)ed alx)ve (p. 37 and Fig. 27 li), Tlie 
only dilTsrence in this case is that the body-cavity and all ite 
derivatives (the lophophore- cavity, the circular canal, etc.) are 
originally comjiletely filled with food-yolk {li), which disappeara 
only gradually through the absorption that takea place during 
further development. 

The rudiments of the future buds are early to be recogniMd as 
epithelial thickenings (Fig. 27 B, /cs) at the margin of the stato- 
blast (correapooding to the oral side of the primary polypide), from 
which, by invagination, the second and then the third polypido- 
rudiments are formed. These, from the time of their first develop- 
ment, are thus independent of the germ-disc. In a similar way, 
according to Davbnpobt, in the embryos of Plumatetla, the rudiment 
of the second polypide appears independently of tJie first. All the 
huda that develop later, on the contrary, arise in connection with 
an older polypide -rudiment, as was described above, for the tjpe 
of budding in which the polypide develops first. 

C. Winter Buds (Hibemacula). 

In the frcsh-ivater Gymnoiaomata, Virtoi-ella and Paltulicella, 
statoblasts do not develop. In Paltuiirella, isolated individuals 
(zooecia with mdimentaiy polypides) persist in an encysted con- 
dition. These individnals, which are enclosed in strong, highly 
calcified, chitinous euvelo|ies (cctocysts), are known as winter buda 
{hibemacula. Van Bbnkubn). In the spring the envelope bursts, 
and there emerges from it an individual covered with a delicate 
chitinous cuticle, which by budding gives rise to a new colony ; 
the budding may occur while still in the liibemaculum. The vrinler 
buds here represent merely the resting condition of the adult form. 
Their development in the epting is essentially reducible to a process 
of ecdyais. 

In a similar way, in Virforella, short stolons with closely crowded 
knob-like rudiments of individuals persist through the winter, and 
give rise in the spring to the first cjlindi'ical cells of new colonies 
(Kraepblin). 
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TL Regeneration. 

It has long been known tliat, in tlie marine Gymnolaemata, 
the polypides in the older individaala of a colony are constantly 
Tegenenited, tlie zooecintu romftiiiiiig iinaflected by the processes of 
degenemtiou. The remains of the degenerated polypide ore found 
as tJie so-called bivwn Iwdy sits[iended by strands of the funicular 
tissue in llie body-cavity. The regeneration of the polypide takes 
place from the zooecial wall and, in tlie ChUostomata, in most canes 
(according to Ostroitmoff and Davenport, Xo. 1 1) on the operculum. 
Uakmbb found recently that the first rudiment of the poty|)ide is 
paired and apiJcavs on the lateral margins of Ihc operculum, the two 
pai'ta only uniting later to form an unpaired invagination. This 
explains the abnormal cases in which, during regeneration, two 
polypides are formed in one zooecium. By the invagination of the 
two layers of the body-wall that now takes place, a new polypide 
is produced in the way described above. It has long been known 
that, during this process of regeneration, the wall of the stomach of 
the new polypide comes into clone contact with the brown body. 
According to Haddon, the latter even passes through the wall into 
the stomach of the newly-formed polypide, and Ostrouuofp held 
that during these processes entoderm-elemcnts pass out of the brown 
body into the wall of the stomach of the polypide, to take part in 
the development of the latter (pp. 43 and 44). These statements, 
however, have not been coniirmed by DAVENPr)RT'B more recent 
researches. According to Harhkr, indeed, in Flwstra, the brown 
body is actually taken into the newly-formed slimentary canal, 
although in Bvjjuia this is not the case. 

We are still without any explanation of the significance of these 
T^enerative processes, which recall the regeneration of the head in 
Pkormiia, PeiHtxIlifKi, and the Tubularia, and which may be com- 
pared with simUar processes in the Tunicata. We should, however, 
mention Ostboumoff's view that, together with the bwwn body, 
certain excreta are received into the intestine, which are afterwards 
ejected through the nnal aperture with the remains of the brown 
body. ilARiiBii's researches (No. 16) ai'em to some degree to support 
thb view. 

YU. Oeneral Oonsiderations. 

Recent anatomical researches, esjiecially those of Caldwell and 
CoRl, allow that there is a great agreement between the structure 
f Phoroitis and that of the Ectoproctoua Bryoioa. This similarity 
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is specially marked in the Phylnctolnematous Bryozon (Fig, 28), on 
account of the faorsc-shoe-ehaped lophophoK, the presence of the 
epiatome (ep), and the similarity in the arrangement of the body- 
i;avity. Thus in the latter, we find a septum separating the 
lophophore-oavity from the rest of the coelom, and liaving the 
nephridial funnels* sunk in it, anil an epistomal cavity distinct (1) 
from the loplioph ore-cavity (rf. Fig. 5, p. 9). The recognition of 
these points of agreement throws a new light upon the BryoEOa 
It shows that the Phylactolaemata represent by far the most primitive 
type, while the Gymnolaemata, with regard to the aeginentation of 
the lophophore, have undergone aimplificntion, the condition of the 
hody-cavity also showing degeneration. 

Further, through a comparison with Phoronis, tlie remarkable 
form of the Bryozoan larva is to some extent explained, and the 
task of tracing back the Bryozoan larva to the Trocbophoran type 
is rendered easier. The comparison of the Bryozoan larvae to the 
Aetinotrocha has lieen made chiefly by Harxer (Entoprocta, Lit., 
Ko. 4) and Ostroumoff (Xo. 24). 

The forms of Bryozoan larvae in wliicb the larval intestine is 
retained will be treated first, as the most primitive. Among these 
forms, Cyphonauies, by the possession of shell-valvea iiiid an atrium, 
allows a secondarily modified condition, the larvae of Tejidra and 
Alcyonidmm being most suited for comparison with the larvae of 
other groups of animals. The most striking organ of the larva is 
the maseive equatorial corona, the locomotory organ. We should 
be tempted to see in this the homologue of the pre-oral ciliated 
ring of the Trochopliore, but for the difficulty presented by 
the fact that the circular mantle-cavity which is destmed to form 
the greater gtart of tlie body-wall hes iu front of the corona. In 
any case, we are led, by a conijmrison with the AcfiTtofrocha, to 
consider the retractile disc, on account of the similarity of its 
position, as the equivalent of the ai)iual ]>late. This view, which is 

• The investigations made » 
aephridia of the Pliflautoloemata (see liiagriLi 
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siipporteil by tlie utiliaatioii of this structure as larval tactile oi^i, 
obtains further coufiTmatioD from the atatcments of Habher and 
Prodho quoteii above (p. 20). Both these authora were able lo 
observe that the larval brain is connected with the retractile disc, 
and Prouho was able to add tlie information that the latter organ 
underwent, during metamorphosis, a degeneration similar to that 
Trhich takes place in all other , 

larval oigana (p. 24). 

Of the larval organs lying 
on the oral side, the so-called 
sucker ia evidently the homo- 
logue of the invagiiinCion 
which lies on the ventral side 
of the Aetinotrocha, between 
the mouth and the anus 
(Fig. 4 C, iv, p. 7)» In the 
Biyozoa also, during meta- 
morphosis, this invagination 
givea rise to a part of the 
body -wall, though it here 
jtroduces only the afUiesive 
plate which lies altogether 
at the base of the primary 
zooecium. Tlie structures 
known as the ectodermal 
furrow and the pyriform 
organ, on the contrary, seem 
to be provisional organs 
peculiar to the Hryozoan 
larvae, for which no homo- 
l(^e can Ije found in the 
Aciinoiroeha or the Troeho- 
jihore stage of other groups. 

We may thus, jwrhaps, 
recognise in the Ectoproctous 
larvae a somewhat modified 
TroeAophore stage, which in 
the possession of a ventral 
sucker may be connected with the Aetitwtroclta. 
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obataeles to siicb a view have arisen from t!io study of tiic ontogeny 
of the Phylactotaeinata. Wliile most autliora ure agreed iii assuming 
that, in the Gj-nuiolaematoua larva, the retractile disc lielouga to the 
nboral region, more recent investigators are of the opinion that, in 
the Phylactoiaematii, the point at which the polypide-rudimentR 
appear (and which correspoiKls to the retractile disc) occupies the 
position of the vanished blastopore. Wo are not, at the present 
moment, in a position eatisfactorily to solve these diffiuulties, which 
are due to the incompleteness of our knowle<lge of Ui« ontogeny 
of the £ryozoa, and must await further investigations. 

In the Bryozoa, as in Phorotiis, metamoTphoBis begins with the 
evf^ination of the sucker-like organ. This ia followed hy fixation 
and extensive disintegration of the larval oi^ns. In Pkoronie, 
only a few larval organs are thrown off, and these are replaced by 
permanent oi^ns {e.g., pre-oral lobe, tentacle-crown, circum-imiil 
ciliatwl ring), but, in the Bryozoa, the intestinal canal and the whole 
of the body-wall of the larva undergo degeneration. The latter are- 
not simply thrown off (aa are the provisional organs of Plwronie), 
liut sink by invagination into the interior of the body (through 
the formation of the vestibtdnm), and arc there transformed into 
the 80-calIed brown body. This degeneration affects not only the 
larval integument, but all the provisional organs which lie in it — 
the corona, the ectodermal furrow, and {according to Pkodho) the 
retractile disc. 

By means of these transformations, the larva reaches an attached 
sac-like stage, and already shows on its surface the future ectoderm 
of the primary looeeium. Within it are found the remains of the 
original central tissue and the brown body, described above, which 
is fonned of the degenerated larval oi^ans. A primary zooecium, 
at this stage of development, strongly recalls those iiidiWduals of 
the Bryozoan colony in which, as is often the case, the jwlypid© 
degenerates. These also consist of a zooecium dosed on all aides, 
and have within them, besides strands of the funicular tissue, a 
brown body derived through the degeneration of former polypides 

After the attachment of the Btyoxoan larva, the primary polyjiide 
very soon commences to form, while the disintegration of the larval 
organs is still going on. Its rudiment ia found at the upper or 
distal pole of the primary zooeciiim, having bt-en produced either, 
as has till now lieen believed, by the invagination of the retractile 
iliso, or, as Protjbo holds, not directly from this, but from a new 
structure which appears at this point, as to the origin of which 
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nothing is known. We liave ftirtlier seen nixjve (p. 37) that this 
polypide dei'elops in the primary zooeciitm exactly as the polypides 
regenerate in those zoi>ecia of tlie colony in which a previous 
polypide has degenerated. 

In both cases, as it apiHjai's to lis, the eontinnity of the indivichiol 
IB retained l)y means of the persistent zooeciuui. We shall tlierefore 
have to reganl the rise of the primary zooecium from the lar\'ft 
merely as metamorphosis, and to consider the newly-formed polypide 
as a part of the same individual which is represented hy the larva. 
The cephalic section has been, if we may so express it, i-egeneroted 
in the attachetl hirva. It would be thcoretjcidly inaccurate to regard 
the rise of the poIy]>ide in the primary zooecium as the budding of a 
new individual. We must here liear in mind that in the Phoronid 
larva also it is chiefly the oi^ans of the cephalic region that are 
thrown off and regenerated during metamorijhosis. 

The nietamoi'pliosis of the Ectoprocta is, indeed, connected \nth so 
far-reacliiiig a disintegration of the larval organs that it is not 
possible to institute a direct comparison between the position of 
the organs in the larva and in the adult. Tliei-e is a gap here which 
may be filled up hy an examination of the nietftniuq)hiisia of Phoronie. 
We may in consequence assume for the adult uidividuals of the 
Bryozoan colonies also, that the short line lietweeu mouth and onus 
is the doi-sal middle line, and that the ganglion lying at this part 
represents the sujira-oesophageal ganglion which is derived from the 
neural plate. 

A few remarks as to the Bryozoan larvae in general have still to 
be added. A comparison with the AcHnolroeha is here specially 
uistnictive. The Avtinofroeha leaves the egg when mily slightly 
developed ; it feeds and grows considerably, and during larval hfe 
develops the rudiments of many important organs {and this is also 
the case in C'jiihonauteii). The AdinoCrocha thus passes through 
important processes of growth and development, and at the same 
time seeks out a suitable point for fixation, anti facilitates the dis- 
tribution of the individuals over a large area. The swarming stage 
of most Bryozoa, on the contrary, serves, as a rule, merely for 
the last purpose. The larva does not feed, and consequently, the 
alimentary canal degenerates. Its one office is to seek out a suitable 
point of attacluneut, and for this purpose it is provided with a 
highly-developed locomotory apparatus and sensory organs. So as 
to facilitate locomotion as much as jxissihle, tlie rudiments of the 
future parts of the body arc present in an invagiuated condition only 
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(paliiol cavity, sucker). The internal oi'gajis, furthermore, are packed 
into the smallest space possible. We shall therefore not be Burprised 
at the absence of the coelom iu the larva, although, from a com- 
parisou with the Aditwtrocha, we should Lave expected it to be 
present. The coelom, even iu adult fomis of marine Ectoproota, ia, 
in a certain sense, degenerate (the peritoneal epithelioin being 
wanting); the cause of its excessive degeneration in the larva, 
however, is to be sought in the conditions just mentioned. A similar 
temporary obliteration of the interior of the larva is to lie fecund, 
for instance, in the I'lanula-inTva of the Cnidaria. 

If we now consider the Fhylactolaematous larva in the light of 
what has been said above, we shall find that the centi-.il cavity within 
it, taking into aceount its further development, must be assumed to 
be the eoelom. In this respect, then, the embryo of the Phylactolae- 
mata, as compared with that of the Gymnolaematu, recalls more 
primitive conditions. Wo must not, however, forget that, in other 
respects, this larva has undergone the most far-reaching degenera- 
tiona. The development of a laige central cavity inside the ciliated 
larva may he connected with its life in a specifically lighter medium 
(fresh watei'). We find, for instance, that the larva of SpongiUa is 
distinguished from somewhat similftr marine Sponge larvae by the 
possession of a larger cavity. 
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Our knowleilge of tlie ontogeny of the Brachiopoda is still somewhat 
incomplete, eBpeuially with regard to certain important points. The 
imatoDiy of the adult fonns ia lietter known, but the elose crowding 
of the organs between the sheU-valvea in the larva renders it difficult 
to ascertain their relative ]iositions. This very crowding has no 
doubt been the cause of many of the changes that have taken place 
in the original tyi>e of organisation. All that is known of the 
oiitc^ny of the Bmchiopoda, however, points to the conclusion that 
they are closely related to the two groups which have just been 
considered — the Phorotiidae and the Ectoproctous Bryozoo. This 
view ia foiindetl upon the presence of a tentacle-bearing lophophore, 
originally horse-ahoe-shaped, and of an integumental fold (epiatome) 
above the mouth, and, further, on the agreement that prevails in the 
three groups with res])ect to the body-cavity and the nephridial 
system. The characteristic pelagic larvae of the Brachiopoda also, 
can without difficulty he brought into agreement with those of the 
Ectoprocta, 

In our description of the Brachiopoda we shall treat of the 
Testicardines and the Ecardines separately, beginning with the first of 
these groups, tlie ontogeny of which lias been more fully investigated. 

1. Testicardmes. 
A. Embryonic Development. 

The first ontogenftic Ktngps i^if tlus group have been investigated 
by Lacazk-Huthikrs (No. 10 in Theddmm), Mobsk (Noa. 11 and 12 
in Terehraluliiia), and especially by KoWALSvaHY (No. 8 in AripO}te, 
TkecitUum, Terebratvla, and TerehraluHna). The more recent 
researches of Shipi.by (Xu. 16) have, in all essential points, confirmed 
the statements of Kowalevbry. 

With respect to the first ontogenetic processes, the Tesfieardines 
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mnj be tlivitlod into two groups, the oiie including the genera Arffiope, 
Terehratula and Terebi-atulvia, nnd the other being represent«d by 
Theeidivm. The distinctions between these two groups, however, 
are only iii jwints of secondary importance, anil can be explained by 
th6 crowding of the blastomcrea in Theeitduni. 

In Argiope, the mature eggs pass firet into the body-cavity and 
^eace into the nephridial canals that function as oviducta. The 
latter open into brood-pouches* lying on 
either aide of the body ; these are to be 
regarded as invaginations of the body- 
wall, and in them the eggs pass through 
the first stages of their development. The 
embryos are attached to the wall ol 
the brood-sac by a tough filament at their 
anterior ends. It has not yet been 
definitely ascertained where fertilisation 
takes place, but it is probable that it 
occurs after the egg has reached the 
brood-aac. Cleavage is total and almost 
equal, and leads to the development of 
a regular coeloblaatuia which is followed 
by a gastrula-stage resulting from invagina- 
tion. During this stage, the plane of 
symmetry of the hotly seems already to 
he defined. The last point at which the 
blastopore closes seems to correspond to 
the anterior part of the ventral side, 
perhaps to the position of the future oral 
aperture ('■/. similar conditions in Phoronis, p. 2), While the 
blastopore is closing, two lateral coelom-sace become separated fnmi 
the archnnteron by ingrowths of its walls (Fig. 39 A); this alwtriction 
takes place in such a way that the last vestige of communication 
between the tliree cavities is retained in the most anterior part of the 
body. In this last point only is there a distinction between this 
process and that by which mesodermal folds arise in Saijitta (Vol. i., 
p. 367) ; in other respects the two processes are somewliat alike. 

After these coelomic sacs have become completely cut off, we 
find in the now lengtliening embryo an archenteron closed on all 

* In certain Tossil romia, the embryoa seem to ptua through the whole of their 
developmeDt within these Lrood-sacs. or nt leut withiii the man ttc-oavi^ of 
the parent, as in indiuatini liy the discaverv by SuKSS of quite jouiig anellB 
enclosed in ■ SIringoaphalia (ef. Zittbl, ho. 17). 



otAr^Urpt {t, 



r»tlon of the Ihrffl regigrm of 
thebody. ft, proTEftloul ulu ; 
H, blaatopon ; Htf, inld-gut ; 




EMBRYONIC DEVBl/JPHErrr. 



67 

sides (ru<Ument of tlie mid-gut), which aooii grows out posteriorly 
aa the rudiment of the intestine, and two lateral coelomic sacs 
(rudiments of tfie middle germ-layer and the body-eavity) — Fig. 
29 B. During the whole of liin'al life the alimentary canal remains 
closed, the rudiments of the mouth and anus being wanting. The 
coelomic sacs grow completely round the mid-gut, the walla of 
the two sacs becoming applied later to form a dorsal and ventral 
mesentery. 

The embryo now grows somewhat in length and becomes marked 
off into two parts by a circular furrow. Tlie anterior part of the 
body is soon cut up by another circular furrow into two regions, 
80 that the animal now consists of three jarts not quite of equal size 
(Fig. 39 B).* These three parts have repeatedly been called 
segments, but we shall see that they are 
in no way true segroente, and we shall 
therefore name them the cejihalic, the 
ikaraeie, and the jiedal ref/tovs. The latter, 
defined by Kowalevsky as the caudal 
segment, contains only the posterior pio- 
longations of the coelomic sacs (Fig. 39 U), 
the mid-gut belonging to the two anterior 
regions. 

The cephalic region gives rise later to 
the umbrella-like cephalic section of the 
body which is surrounded by a ring of 
■eilia (Fig. 30), and carries at its apex four 
Bymraetrically pliiced eye-spots, the dorsal 
pair of wliich apfiears first. In the tlioracio 
region^ a fold is soon found growing out 
IKwteriorly {v>) ; this fold, which at first 
is circular and then becomes divided up 
into a dorsal and a ventral lobe, must he 

regarded aa the rudiment of the two mantle-lobes, and will here be 
called the manfte-fold. It carries venti-ally two pairs of provisional 
Itifta of setae (''), and almost completely encircles the [ledal region 

• Authors differ with regard to the origin of the miiidlB region of the body. 
Aecordin); to Huyek (No. 7), it liecomrs cut oS froiii the auterior section of 
tho embryo when the letter c«ii8i«tH of two sectiona. This is confirmed dy 
Shiflev'h statenentc in connection with Arglope, and Lacaie-Dvtbiees' in 
:tion with Tlucidium. Okhlebt md Dkmkbr (No. 9), on the contrary, 
with EoWALHVsEV in the view that " Le srirnieiit median s'est probablO' 
Tnii par ladivision du segment candsd." II cannot be denied tbM tliia 
a a point of some importance. 
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of the larva. The latter n^gion gives rise to the peduncle of the 
ad lilt. 

The eggs of ThetMium, which are tIistingniBhed by their com- 
paratively large size, ufter leaving the oviduct, pass into a hrood-eac 
which develops as a median invagination of the ventral mantle-lobe, 
into which two of the cirri of the ring of tentacles hang down. To 
these the egga ai« attached by means of fine filaments (c/. Phoronii). 
Cleavnge here alao is total and equal, hut the cleovage-cavity is from 
tliQ first smnll. An invagination of the blastoderm docs not here 
take place, but the second embryonic layer arises "through the 
simple and irregular formation of its cells from the cells of the 
blastoderm," and thus probably by polar iugression. The whole 
of the cleavage-cavity is soon filled with cells of the primary 
entoderm, which become arranged into three masses, in each of 
which a cavity soon appears. The part that lies between the other 
two becomes the mid-gut, and the lateral parts represent the 
coolomic sacs, so that we now have a stage equivalent to that 
described above for Aiijiojie. Tlie further development of the two 
forms also agrees. The embryo first lengthens and becomes divided 
lip into transverae regions. According to Lacazb-Ddthibhs, the 
middle region here arises by abstrictioii from the anterior half, 
The most anterior part of the cephalic region becomes marked off 
later by a circular furrow, so that the ciliated larva is finally com- 
posed of four distinct regions separated from each other by circular 
furrows. 

B, Metamorphosis. 

Our knowledge of the metamorphasis nf the Brachiopoda we owe 
principally to the investigations of Morse in Terehrahdirui, and 
KoWAi.KvsKV in Arffioiie and TlieciiUum, but these investigations 
are far from complete. The attachment of the larva, the form of 
which has been biieHy described above, is brought about by means 
of a cement secreted by the posterior pole of the body (pedal 
region). The mantle-fold now bends anteriorly (Figs. 31 F-K, 
32 A), so that it soon completely envelops the cephalic segment. 
The former external surface of the mantle-lobea now becomes the 
inner surface and vice vet'gd. In this way the points of insertion 
of the four larval tufts of setae come to lie on the inner surface of 
the mantle (Fig. 32). The setae now soon fall off (Fig, 33), and, 
in those forms which, in the ndult condition, possess setae on th» 
margin of the mantle, are replaced by the permanent setae. la 




Ari/iope, these latter are wanting. The two shell-valvt 
form on the outer surface of the mantle-lobes as enticnlar secretiona. 
The pedal region of the lari'a becomes the peduncle of the adult, 
and two large groups of muscles which can be recognised even in the 
larva (Fig. 32 B) become changed into the ventral peduncular 
muscles. In Ltothyrina and Terihratulvna there U also a pair of 
dorsal peduncular muscles in the larva. The two jtairs of muscles 
which end at the bundles of aetae become the ahell-adductoi^ The 
pair of muscles which, in Fig. 32 B, hea on either side of the posterior 
end of the digestive tract, represents the rudiment of the divaricators. 
This pair divides later into a. pair of dorsal and a pair of ventral 
divaricators. 
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The metamorphosis of the cephalic region of the larva is the 
most obscure. In comparing this larva with tlmt of Phoronis, ive 
should expect that this section would give rise merely to the integu- 
mental fold above the mouth (epistome) and to the siipra-ocaophageal 
ganglion (see diagram, Fig, 3-1), Acconling to Kowaijivskv, however, 
it appears, on the contrary, that the rudiment of the oesophagus 
(Fig. 33 A, 06) develops as an ectodermal invagination in the region 
of the cephahc lobe, and the latter, with its eye-siwts, is for some 
time longer recognisable within the attached larva (Fig. 33 £). If 
this is the case, we should have to attribute to the cihated ring, 
which runs round the cephalic lobe of the larva, a postoral position. 
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It is, however, not imiHiBaihle, indeed, takiiig into account the dorsnl 
jKisition of tlie lo|>lioplioro-nidiinent, it is probable that even before 
the oesophageal invagination appenra iii the cepliolio lobe of the 
attached larva, certain displacements have taken place which alter 
the primitive conditions (ef. Fig. 34). 




The rudiment of the lophophore (Fig. 33 A, I) arises in the form 
of an almost circular thickening on the imier surface of the dorsal 
mantle-Iohe. As the mouth is later encircled by the lophophore, this 
circular thickening of the cephalic lolw must extend ventrally. The 
first tentacle-rudiments (/} are soon seen in the form of four swellings. 
At a later stage these develop into hollow tubular outgrowths 
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(Fig. 33 D), their number being increased by the addition of new 
rudiments, tbe point nt which the huddmg of tentacles first takes 
place being the most anterior or dietal part of the lophophore, which 
later becomes its dorsal part. 




lUgn o1 Ar^apt {ttlet Kowaijvuit), a, eye-ipoti ; il, mid- 
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It may at firat siglit appear remarkable that the tentacles grow 
out on the inner side of the mantle-lobe. But if we consider the 
free-swimming larva, in which this inner side still functions as 
tbe outer side of t!ie thoracic section, we shall see that the crown 
of tentacles here has a similar postural position as in the Aelitio- 
Iroeha (ef. digram Fig. 34, /)- 




Fio. SI.— Hjpothellcal Kheii]e ol llie iiinUinnrphtnlB of the Bnchlopodi (or cguipninn witli 
tlM AcHnHradu,. A, trefuwUnmiif Juva. The oral aperture (n) l>d«plcl«l, although not 
■etnitly pmeut it thli HTag'. The poniUon Id which It heie apticsn, below the cephalic 
lobe (k), li not Id aixoMance with EowitxvsKT'I nUtsmesto. Tbe teoUele-buU* *lM srs 
not actnally prsKot at this iUge. B, an Iiii(4^i!U7 tratiultlan atage. (7, roungei Hnchiopud 
after Itac ravenal at the two maiitle-lubiii. The epliUius has arlaoD tniio the cephalic lobg 
ikX Tbe row of UnUcle-bnili (I) belong* tor the inoat part la the donal lobe or tbe mantle, 
if. donal lobr uf Uie Juntle; <]i, eplnloiiie; it, cephalic lobe; m, month i d, psdaDCle; 





BR&CHIOPODA. 

The later transformations in the lophophore have been uivestigated 
in Terebralulina by Morsk. The lophophore here ie originally 
circular, but, later, the anterior edge becomes indented. In tim 
indentation, close to the median hne, new tentacles form. The 
tentacular apparatus, which in this way has bccouio horseshoe- 
shaped (Fig. 35), pesemblea the eimiliit organ in Plwroni* and the 
Pliylactoiaeniata, this resemblance being heightened by the fact tliat 
here also a doraal fold, the lip (e), can be seen over the month ; 
this must be regarded as the epistorae which, in later stages, is 
continued along the whole length of the row of tentacles. The 
mouth (m) lies in a, ciliated furrow, the buccal groove, between 
the ventral row of tentacles and this fold, this furrow being con- 
tinued on to the arms as the brachial groove. The two processes 
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of the horeeshoe -shaped lophophore develop into the large lateral 
arms of the adult, while the little, spirally-coiled, inner arms (6) 
grow out only later in the dorsid indentation. The details of the 
development of the lophophore in later stages must vary on account 
of the varying shujie of the adult organ in the different forms; 
but on this point we are still without accurate information. 

In Argiopf, tlie lophophore retains the siiiijile arigical borneshoe-ihaipB 
throughout life. Both this form snd Thccidium slioiv a. priniitivB cottditioD, 
inasmuch as the coonectiou of the amis nitb the dorsal nmntle-fold 
niiiDeutly retntDed. 

With regard to the external alteration of form in the attached 
larva, it should further be mentioned that, according to MoBSl, 
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joungeat stage of TerefiratuHna sejilentrionalig strongly recalls the 
shape of the sholl in Megerlia and Argiope. Later, a stage develops 
which, on account of the long, flattened ahell-valvea and the long 
pe^luncle, strikingly recalls Lini/ula, and this leads finally to the 
adult fonu. 

The only details known aa to the development of the inner organs are 
such oa are easily understood. The division of the intestine into sepa- 
rate sections and 



the development 
of the hepatic 
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anterior section 
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The embryonic development of the Ecanlines is up to the present 
unknown. Only the pelagic larvae and the youngest attached forms 
are knoivn, the metamorphosis, briefly noticed by F. MOller and 
McCRAny, having been chiefly investigated by Brooks in Lingiila 
(No. 5). The most striking feature in the metamorphosis of this 
group is, that the peK'^ic larvae are at a very advanced stage of 
development whichi in the Testicardines, is reached only after 
attachment. 
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Tlie youngest larva of Linijula observeii by Brooks was already 
enclosed in two flat, discoidal shell-valves, not articulating witli one 
another, but covering the animn! ilorsoJIy aiid 
tr::.g~'.f\ ventraily, their edges being free all round (Fig. 

37, s and /). The auterior part of the mantle- 
cavity is occupie*! by the disc-hke lojihophore 
beset with tentaclea (Figs. 3t> and 37), in the 
centre of which can be recognised the oral 
ajierture (Fig. 36, m) and an epiatomal fold 
(e) overhanging it. In the lophophore, & 
ll#lM-| ■* striking feature is the presence of a dorsal, 
JIM' ~' unpaired tentacle (/), at the aides of which the 
^■}~-y^\ youngest tentacle -rudiments grow out (Fig. 

36, f). The actual body of the auiinal is 
small, and contains a bo<ly-Cftvity which is not 
sjMcioua, an alimentary canal, and a few groups 
of muscles. Among these latter, we notice firat 
a pair running near the oesophi^us {oe) and an 
unpaired bundle extending from shell to shell. 
The alimentary canal at tirst appears divided 
into the bent oesophagus (oe), a dilated stomach 
(d), in connection with which can soon be seen 
the hepatic diverticula and a posterior intestinal 
o\itgrowth ((/'), which bends round anteriorly 
and fu^e« with the body-wall on the right side, 
at which point the future anal aperture soon 
arises (Fig. 36, a). 

Other features to be noted in the youngest 
Lingula larva are the complete absence of the 
rudiment of the peduncle and the presence of 
a remarkable semicircular skeletal plate, which 
lies below the dorsal shell-valve and is con* 
nected with that valve. In the larva described 
by F. MtlLLKR (Fig. 38), which perhaps belongs 
to Crania, five pairs of sti'ong provisional setae 
could be seen, the larva creeping by the help 
of these and the lateral movements of the shell -valves. In 
awimming, the shell- valves are opened and the lophophore is 
extended far beyond the shell, the swimming movements being 
brought about by the cilia covering the tentacles. 

The rudiment of the nervous system can be recognised in the form 
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CHANGES IN THE SHAPE OF THE SHELL (5 

of a ring Burroundiiig the oesophagus; in this ring are found u 
Tentml gnnglionic thickening, two lateml ganglia and two doi«al 
otooyst*'. In Franz ML'llbr's larva (Fig. 38), paired eye-spots (o) 
and auditory vesicles (o) were alao observed. These sensory oi^aus 
degenerate in the course of further development. 

The rudiment of the peduncle now arises at the posterior end of 
the body, and soon grows to a considerable length; by means of tins 
the attachment of the larva takes place. In the further course of 
metamorjihuHis the lophophure assumes its final shape ; characteristiu 
changes occur in the form of the ahell-valves, and the mantle-sinuses 
arise as horn-shaped diverticula growing out fiuia the body-cavity, 
while the rows of setae found in tlie adult appear on the margin of 
the mantle, 

ni. ChaagoB in the shape of the Shell. 

Certain transfomiatiuns undergone by the shell of TervhrafuUna 
in the course of ontogenetic development were pointed out by Mobse, 
who drew attention to the fact tliat the shell in this form, during its 
development, passes through stages in which it rerembles the shells 
of Megei-Iia or Argiope (r/. p. 73). These developmental changes of 
the shell have recently been investigate/! by Bekcuhr (No. 1), 
who proposes to name the fiiet nidiment of the shell of a newly 
metamorphosed larva, whieh consists of a homy, cbitinous, or 
euticulnr secretion, the yrolegulum. The moat primitive and the 
moat widely distributed form of protegulum is a semi-eircular or 
semi-elliptical plate (Fig. 39, p) with a straight hinge-line which, iu 
length, corresponds to the greatest breadth of the plate. The shape 
of the protegulum may be modified in individual eases, the futnre 
form of the shell then exercising an influence. Oidy in rare cases 
does the shell, after increasing in size by the formation of new 
layers, retain tlie original shape of the protegiditm, the zones of 
growth here running parallel with the periphery, An example 
of this is atforde<l by Paterina (Ohobts) labradwica. Other forma 
{e.if., Orhiculoidea) pass through a Paf enHa-like stage in their 
ontogeny (Fig. 39 A). 

The phases through which the shell-valves jmiss in later stages 
are connected with the relative length of the pednnole, with the 
angle formed by the longitudinal axis of the animal and the 
substratimi, and with the consequent greater or slighter mobility 
of the body. The mamier of insertion of the peduncle is also of 
significance in connection with the transfonnations in the fonu 
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of the sliell. In Liii'jvla, for inHtanee, the peduncle project§ as a 
prolongation of the iongitudinnl axis of the body between the 
posterior ends of the shell-valves, which consequently are of some- 
what the same shape. lu most other 
forms, the peduncle ia inserted more 
in the region of the ventral valve, 
the consequence being that, as it 
shortens, the two valves come into 
close bnt dissimilar relation to the 
substratum. Here we may perhaps 
find tlie reason for the valves having 
become more and more heteromor- 
pho™. 

Aa a rule, forms in which the 
pedimcle is long and the body com- 
paratively movable, have long and 
posteriorly pointed shells with a sliort 
hinge-line {Tej-ehrattitina). A shorten- 
ing of the peduucle brings the posterior 
end of the body into contact with the 
Buhstratura, and this leads to the 
development of broad forms with lengthened hinge-line (e.</., Argiope, 
Terehratdla). When, as in the Diaeinidae, the position of the body 
is strictly horizontal, the ventral valve resting on the substratum, and 
the peduncle emerging from an ajiertur 
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r its centre, the shell 



resembles a circular disc (Fig. 
39 B). Here, as in Awmia, 
among the LumeUlbranchiata, 
there is a tendency to the 
development of a radial tj'pe 
of shell as a consequence 
of the attached manner of 
life. In the Oyster-like forms 
that fuse with the substratum 
{Theeidiu7ti, Oranta), the diver- 
gence in the shape of tho two 
valves reaches its highest limit. In one member of the ProdwMdae 
(Prolioscidella), the ventral shell-valve becomes lengthened by the 
growth of its frontal and lateral edges in such a way as to form a 
calcareous tube resemblhig that of Aeperijillum. Tlda form of shell 
may jjerhajia have arisen in adaptation to a Iwring or dicing habit. 










irol^oluid. 



With reganl to the jmssage of the peduncle out of the shell, 
BEEcnER has (listiiiguished four diiferent tj'pea : 

I. Atremato. The i^eduncle posses out simply between the 
posterior edges of the two valves, retaining the direction of the 
ftsiB of the body. Linjula, Olijlug, Paterina. 

II. Veotremata. The peduncle arises from the ventntl shell-vaWe 
nnd stands at right angles to the axis of the body. It lies either in 
an incision of the ventral valve {Schizoerania), or Incomes surrounded 
by the ventral valve as it grows, so that it then emerges from a 
subcentra! orifiee in the valve. Orhindouiea, Dm-ina, Acro/hfle. 
This groTip is perhajw nearly lelated to the Cramidae. 

III. Prototremata. The pe^Iuncie arises from a triangular del- 
tidial slit in front of the heid; of the large shell, which may either 
be open (Orfliw, Tropidohittui) or closed by a paeiidodeltidium 
(Orthisina, Leplnena, Strophomena, Ohoneleg, Stropliaeoiloiiia). The 
Thecidiiiiite also belong here. 

lY. Telotnmata. The peduncle arises from a foramen perfo- 
rating the beak of the ventntl valve. The orifice from which it 
emerges ia, as a nile, snrrounded by a paired deltiiiium {Sjiiriferidae, 
Ahrypidae, lihifm-JioneUvfae, .Shiji'jO'.-eiihaliilae, and Teral/rafiUidae). 
In these groups a calcareous brachial skeleton develops. 

"With regard to the development of the closing pieces of the 
beak-orifice knoivn as jismulotldlidium and deltidium, little baa been 
discovered, Beecber, following up Kowalkvskv's observations on 
Theeidiuin, tnices back the paeudodeltidium to u skeletal secretion 
of the peduncle. During the metamorphosis of the attached larva, 
the two folds of the mantle are reflexed anteriorly (Fig. 40 A) and 
yield the first rudiment of the shell (the fa^itegidum, 'Is and v», 
p. 78), the line at which the reflexion of the valves took place 
indicates the hinge-line (k) of tile protegiilum. In Theeuiium, the 
dorsal side of the |ied uncle -rudiment now also lieconiea covered 
with a skeletal secretion (j.i), which in later stages fuses with the 
growing beak of the ventral valve (Fig. 40 B and C) and becomes 
the pseudodeltidium. The true deltidiiim of the Bhyiu^honellidae 
and the Terebratalidae, on the contrary, ia probably to be derived 
from the reflected parts of Uie mantle of the ventral ahell-valve 
itself. 

The two shell-valves, when they first appear, are completely 
separated from one another by the peduncle that emerges between 
them. Tliey come into contact first at the outermost ends of the 
etraight hinge-line (Fig. 36, p. 73), and at this point the first 
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niiliiiientis of the hinge-tectli develop. Tliysp already occupy the 
position tLey retain throughout life, lying at eitlier aide of the 
original hinge-aperture, and thus, later, near the deltidium. When 
the hinge-line, at a later stage, lengthens out laterally over the 
teeth, as is specially the case in Orihiv, Spirifer, and Sfrophomenn, 
this is a consequence of secondaiy processes of growth. 
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IV. General OonBiderations. 

A serious obstacle to our comprehension of the pelagic Brachio- 
podan larva, as represented typically hy the Anjiitpe larva, is to be 
fonnd in the circumstance that the oral and anal apertures are here 
wanting, their absence making the orientation of the body-surfaces 
and segments extremely difficult and uncertain. We are inclined 
to homologise the ciliated ring at the edge of the cephalic section 
with the pre-oral ciliated band of the Annelidan Troehophore, 
although Kowalevsey'8 observation as to the rise of the oesophagus 
(p. 69) seems to contradict this view. The position of the neural 
pkte would he indicated by the eye-spot* (and in Terebmtulina. 
Fig. 31 B and C, by a long ciliated tuft) on the cephalic pole of 
the larva. The anterior section of the body would thus possess 
characters in common with the Troehophore, and would be ooni- 
parahle to the cephalic lobe of the Aclinotroeha. 

In considering the significance of the posterior section of the 
body, we must institute comparisons with the larvae of the Bryoioa 
and of PlwronU. There can be no doubt that tlie point at which 
attachment takes place is identical in the Uryozoa and Brachiopoda, 
and corresirands to the posterior end of the body in the adult 
The fixation of the body is accomplished by means of 
the posterior pole of the body in the Brachiopodan larva; the pedal 
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section passes civer into llie jieduncle of the atlult. Consequently, 
the cavity which is surrounded by the posteriorly projecting mantle- 
fold of the Brachiopodan larva is to be homologised only with the 
(cavity williin the so-called sucker of the Bryozoan larva. In the 
llryojioa, also, that point of the sucker at which fixation first takes 
place forms a conical inv^ination in the main mass of the sucker {ef. 
the larva of Bugula, Fig. 9 B, p. 26). This conical portion would 
thus directly correspond to the peJal region of the Brachiopodan 
larva. Tliis whole structure is evidently the equivalent of the 
invugiuated ventral tube of the Actinotrocka. The aperture of this 
tube in the larva of Phoronis would be comparable to the aperture 
of the mantle-cavity in the Argiope larva. We can therefore without 
difficulty compare the Brachiopodan larva with an Aclinolrocha in 
tlie later stages, in which the above tube-like invagination has 
already formed. The principal distinction between the two is the 
complete absence of the anal region in the Brachiopodan larva. 

Here also metamorphosis commences (as in Phor<»iie and the 
BryoEoa) by the evngination of the formerly inturoed part of the 
body through which fixation takes place. 

We thus find that a comparison of larval forms leads us to regard 
the Brachiopoda as nearly related to Plioronii and to the Bryozoa, 
and that a comparison of the anatomy of the adult Brachiopoda 
with that of adults belonging to the two other groups gives a general 
confirmation to this view. The agreement between these groups is 
specially clear if we compare tbe tentacle -bearing lophophore iu 
Phoronis, the Phylactolaemata, and the Brachiopoda. In the latter 
:ilso, the lophophore is originally horseshoe -shaped, there is an 
integumental fold known as the epistonie (Fig. 41, 6p) above the 
luoutb (brachial fold), and a lophophore -cavity not in any way 
communicating [V) willi tbe rest of the body-cavity. We shall have 
to regard the so-called small brachial sinus (Fig. 41, a) of the 
lirachioijoda as the equivalent of the lophophore-cavity proper of 
the Phylactolaemata (circular canai of llie Gymnolaemata) while 
the large brachial sinns (6) perhaps corresponds to the epistomnl 
cavity.* Certain differences between the cavity in the lophophore 

* la compiling i\\e. large brachial sidub with the epistflnial cavity of tli« 
Phylkctolaemata, ve aliall liave to War in mind tint tbe large artn-sinua, u 
has recently been poiuted out 1>y BlochMAHN in Crania, U a jnired structure, 
continuous in tlia median |i!ane above the oesopliagne. The median aection 
(Pig. 41 £) represents the conditiou of the spiral arms laterally to tbe niediaii 

|>lu]e. If we^icar in niitiit tlio above.Qiontioned reservatiuna, liowever, we shall 
« able to recDpiifie in this diagram the agreement of the large brachial 
with the epintomal cavity. 
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of the Brachiopodn ami that of tlie Phylactolaeniatous Bryoioa hfvve 
been pointed out by Blochmank (No. 4). The chief of these is 
that, in consequence of the extension of tlie epiatomal cavity (larger 
brachial sinus) in the BrachiopoJa, the lophophoral cavity is ao 
circumscribed as to be reduced to a canal running below the rov 
of tentacles (smaller brachial sinus); this canal then appears to be 
cut through twice in transverse sections (a, a') through the lopho- 




Fio. 41.— DiKgmrn illaBli«tinB the stniclore of k Brmhlopod (irter prepuntloru of TtrtbraMla 
csnaHHo; r/. Figi. S, p. 3, in<l 18, p. 5T). A, liUnl tIiw of Ihe lophophore. Moet of lh« 
Mnlulei art MppoHd to liive been cut amy. B, mcdliin BKtion. The Bpinl aniu are out 
■ouituhit litenllT to >how the lorgs bneliliil ulnua. n, iinBlIsr bitcbinl ilnuBia'. thenmc 

h, bean; u, tnDQtb; «i;. atoii^mch: lu, ineHotery; «i(, inintle-rold ; n. nephridliiiu ; 
«r, ontophufcai ; i. Uti^nil icni : •</, siipia-onophugTOl ESnglloD : tp. spiral unii : jI. psdBncle ; 
I, YBntrallenUclP; ('. dorml lenUel*: ly, vf ultsl gongllun ; <■., Tiintral nhpll-vilve. 

]>hore-aruis, as also does the epiatomal fold (brachial (old ep, ep'). 
These differences are, indeed, very easily explained througli the 
liigher differentiation which has arisen from the simpler type 
retained in the Phylactolaemata. 

From the condition of the lophophore and the position of the 
epistome it follows that the shell-valve, known as the it'/rsal valve, 
corresponds in position to the anal side of the body in the Biyoioo, 
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aUliough we should not be able to conclude this from the flexure of 
the alimeutnry canal (Fig. 41 B). We must here briefly return to 
the position of the anal ujierture in the Ecnrdinea. In Lirigula and 
Ducina the anus lies on the right side of the liody, in Crania, as 
JouBis and Blochmahn hnve proved, in the median plan 
posterior end of the body. Bluchmann is inclined to regard this aa 
a primitive condition. Since we, however, with Caluweul, regard 
the posterior end of the boily in the Brachiopoda (in view of the 
conditions prevailing in Piiormw) as in reality belonging to the 
ventral aide of the body, we must consider the position of the anna 
in Crania also ae secondarily modified. As a rule, in the Brachiopoda, 
the intestine is bent in the direction opposite to that which it 
assumes in the Bryozoa (cf. Fig. 41 B, with Fig. 28, p. 57). Tlio 
external apertures of the nephridia also appear to have undergone 
shifting in the ventral direction. Such clianges in the position of 
individual organs may, however, easily he explained by the crowding 
of the body between the two Bhell-vuives. Althotigh these diaplace- 
hienle are a certain obstnole in the way of comparing the Brachiopoda 
with the Phylactolaemata and Pliorrmis, tlie general agreement 
bttween these forms (which is sjiecially marked in the hody-cavity 
and Ihe uephridial system) is so great, that we can hardly doubt their 
close affinity. On this subject we refer the reader to the statements 
of B1.00BHANN. 

Since Stebkstrup and others first pointed out that the Brachiopoda 
nre in no way related to the bivalved Mollusca (Lamellibranchiata), 
repeated attempts have been made to ally them more nearly to the 
Annelida, by laying undue weight on the agreement that exists 
between the two groups with respect to the condition of the body- 
cavity, genital organs, and nephridia in the Brachiopoda, and to 
regard them, when possible, as Annelida adapted to a sedentary 
manner of life. Mouhb thus calls them "ancient cephalized 
Annelids," distinguishing them in this way from the sedentary 
Polychaetes (e.g., Serpula), which he names "modem cephalized 
Annelids." We must therefore refer briefly to those characters 
which have been claimed as evidences of segmentation. 

The division of the body of the larva into three or four regions 
is purely external, and, as far as is yet known, does not affect the 
coelomic sacs. Balfour pointed out that the order of appearance of 
the segments in the Brachiopodan larva diflers from that prevailing 
in the Annelida. In the latter, the first segments to form are cut off 
from the posterior end of the body, while in the Brachiopoda the 
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first segments become abatricted from tlie anterior part of the body. 
A conaideration brought forward by Caldwell seems of still greater 
importance. It ia erident that in Aciinotrocka the principal axis of 
the larva diHers from that of the adult. In the larva, this axis runs 
from tbe ueural plate to the anal aperture, and corresponds to that 
of the Trocbophon and of the Annelid that develops from the 
Trockiiphore. In Phoronin, after metamorphosis, on the contrary, a 
secondary principal axis is met with at right angles to the primary 
axis of the Aciiiwtroclia. The principal axis of the Erachiopodan 
larva, however, corresponds to the secondary axis of Phoronit, and 
runs from the neural plate to the point of athichment, which must 
be imagined as lying in the middle of the ventral aide proper. 
When, therefore, segmentation takes place in a direction transverse 
to this principal axis, this cannot be compared to the segmentation 
of the Annelida, because the position of tbe latter is determined by 
the direction of another principal axis (the primary axis of an 
Actinotronha). This example shows that the comparison with the 
Aetinotrofha is of great utility in forming conclusions as to the 
Brachiopoda. 

If we believe in the comparison of tbe Brachiopoda with Phoroni» 
and the Bryozou, iii which two groups the short line lying between 
the mouth and the anus is to be recognised as the dorsal middle line, 
we shall be in agreement with Caldwell, who considers that the 
two shell-valves in the Brachiopoda strictly Bpeaking belong to the 
ventral side, and that hero also attachment takes place at tlie middle 
of the ventral side. 

We have seen that in the Brachiopodan larva there ia no true 
segmentation, and this is also the case with the adult. The presence 
of two pairs of segmental organs in Rhynehonella is the strongest 
evidence that can be brought forward in favour of segmentation. 
Yet we know that in the Annelida more than one pair of segmental 
organs may occur in a segment, so that too great stress should not be 
laid on this feature alone. In tlie same way two pairs of nephridia 
also appear in Phoronis aiittralis (Benham).* 

There are many reasons for believing that the Ecardines must be 
regarded as the most primitive forms of the Brachiopoda. In this 
division a lateral anal aperture is retained in Linipda, and one lying 
jwsteriorly in the median plane in Orania. The peduncle in Ltngula 

* [While pointing nut that each of the tni) nejiliridia liu a doiibls opening 
iato the body-cavity. Brnhau never couituits himself to the ossertiou that than 
uv two paim of uei>hridia. He coniiders Fhoroait u mora ulosely &Uied io the 
Gephyreii than to the Bryoir- "- ■■ 
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is said often to lie unattached ami sunk into a sand-tulie, so that in 
respect to this hahit there is a ntarked similarity to Phonmig. 

It should here be mentioned that a few zoologists iiave assumed a 
near relationship to exist between the Chaetognatlia and the firachio- 
poda, chief among these is van Be»ublbn (No. 3), and the view has 
also been advocated by BOtschli,* 0. and R. Hebtwio (coelom- 
tlieory). These aesuniptions are Ijased upon the agreement in the 
flret stages of development, the rise of the coelom by folding, the 
development of three body-segments, and on those anatomical 
features common in the two groups as a consequence of the similar 
origin and nature of the entcrocoele. The ndult forms differ 
altogether in manner of life, and show essential diflerences of 
structure, the cephalic section especially being developed in an 
altogether different way in the two groups. Further, the Brachiopoda, 
in consequence of the agreement of the larva with the Ai-tinotiveba, 
seem to be idlied to the Troehophore type, while no such affinity hna 
OS yet been propounded for the Chaetognatha. Tlie establishment of 
relationships between these two groups seems therefore to Iw still 
very doubtful, and their structural resemblances ai)iiear to lie mere 
analogies. In any case it would only be possible to ndmit .tome veiy 
remote connection between the two. 
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Qeneral Considerationa on the Molluscoida. 

As early as 1844, Henri Milne-Edwards (No. 11) pointed out 
the relationship existing between the BryoEoa and the Brachiopoda, 
and grouped them, with the Tunicata, as the " Molluscoida." In 
1882, the true nature of the Tunicata having become known, Cuiuft 
(No. 2) restricted the term Molluscoida to the Bryozoa and Brachio- 
poda. The near affinity between Phoronh and the Phylactolaemata 
waa eatablished chiefly by Caldwbu. (No. 1) and Rat Laneestkr 
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(No. 8). Tbese two authors are iutlined to claim for the Sifjutt- 
atluiae also aHiuity to these grouiis, A similar view haa recently 
been iidopted by Eblbrs (No. 3) and Rodi.b (No. T2), the latter 
regarding the Brachiopoda, the Btyozoa, and the Phoroni'iae as a 
sub-group of the " Trochosoairea monomeriquee," and suggesting 
distant relationship to the Sipicneuliiiae, the Molluscs, and the 
Eotifera. Rol'lb lays special stress on the Trochophoran characters 
of the MolJuacoid larva. We ourselves have odcipt«il the view of 
Hatsceek (No. 6), who groups together the Plionmidae, the Bryozoa, 
and the Brachiopoda as Molhiacoida, but excludes the Sipunctilidae 
from the group. From all that is as yet known about tbe Ento- 
procta, we would, with Hathchbk, separate theu also from tbe 
Bryozoa and the MoUuscoida generally. Further, according to tbe 
more recent researches wade by MgIntosh, Harugr (No. 10), 
Spenobl (No. 13), and Eblehh (No. 3) in connection with Cephato- 
tlieeut, and by Fowlbr (No. 4) in connection with Rhahd&pleura, 
these forms also must be removed from the group of the MoUuscoida 
and probably grouped, as sedentary Knteropneusta, with Balano- 
gloegng* 

The union of the Phoronidap., the Bryozoa, and the Brachiopoda 
to form a sub-group rests chiefly on the structural resemblance of 
the adult forms. We have already repeatedly pointed out anatomical 
features possessed in common by these forma, and refer tlie reader 
to the diagrams given in Pigs. 5 (p 9), 28 (p. 57), and 41 (p. 80), 
which, when compared, reveal so uniform a fundamental type that 
ve can only refer the agreement in structure found here to homology. 
The MoUuscoida are provided with a true coelora, a body-cavity lined 
with a flattened epithelium which is often ciliated, and in which the 
intestine is susi>ended by mesenteries (these, in the Fhyiactolaemata, 
being replaced by the ftmiculus). Only in the Gyiunolaemata is the 
lining of the body-cavity no longer epithelial, while strands of con- 
nective tissue traverse the so-called funicular tissue of the body-cavity. 
The dorsal region of the body appears shortened, tlie oral and anal 
apertures of the looped alimentary uaual are consequently approxi- 
mated, as is so often the case in tubicolous animals or those leading 

* [MASTEHMAN'sintarpretatianor^eitiiWrocAn, if oorreot, shows tlist PAonnifji 
mast for tbp Tuture be associated with Ctphalodiaeua and RhiJaUipltuTa. It 
in DOW fkirly well mtablislieil thit Chtse genera are cloaely related witli Bt^nto- 
glomia to the primiliva choidate stock, and have no affinities whatever lo the 
Holluicoida. Harhf.r, who lins worked at Che dovelopment luth of tbe Ento- 
■nd EctojiFOCtous Bryozoa, sCUl I'etaina theia iii one gnslp and considers lliat 
they liavB uo affinities with PfurroitU. See Hahmkii and Phouho, Appeudix 
to Literature of Eotoprocta, Nog. III. and V.— Ed.] 
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ft sedentary life. For tlie ilivei'gant poailioii of the anal iiperture 
unil the looping of the alimentary canal in the Bracbiopoila, we 
refer the ruader to p. 81, Among the moat typical features of the 
Molluflcoida are the peculiar development of the irepbalic region, 
the presence of a horseahoe -shaped, tentacle -bearing lophophore 
having a distinct part of the body-cavity belonging to itself, the 
so-called lophopboral cavity (circular canal of the Gymnolaemata, 
smaller brachial sinus of the Brachiopoda), and the possession of 
a fold (epistome) above the mouth, into which another part of the 
body-cavity is continued (epistomal cavity, larger brachial sinus of 
the Brachiopoda). The relations of these parts of the body-cavity 
inter ee and to the lower cavity which contains the intestine ate 
in some respects still obscure. As centre of the nervous system, 
we have a ganglion lying above the oesophagus, which in the 
Brachiopoda, however, is less massive than the ventral ganglion. 
The excretory organs are represented by a pair of nephridia, which 
at the same time function as ducts for the genital products. (In 
Phoronia austraJis and in RhynckuneUa there seem to be two pairs 
of nephridia ; ef. on excretory organs of the Bryoaua, p. 56.) 

While we thus find far-reaching anatomical agreement between 
thp adults of the various divisions grouped as Molluscoida, the 
similarity between the larval forms and their metamorphosis is lees 
evident. We shall, however, have to lay stress upon the fact that, 
in the larvae of the three types to be iliatingnished (Adittotroeha, 
Bryoioan, and lirachiopodan larvae), the posterior section, by means 
of which the fixation of the adult is sccoupUshed, first appears 
in an invaginated condition. This invagination in the AettTuitrocha 
(Fig, 4 0, ie, p, 7) which yields the body-wall of the posterior 
section of the body, may be bomologised with the sucker-invagination 
of the Ectoprocta and with the pedal section of the Brachiopodan 
larva, which is sunk into the mantle-fold. If we maintain this 
homology, we shall have to proceed to explain the metamorphosis 
of the Molluscoida from the Adinolrocha as the most primitive 
larval form. The AcUnotroeha type is distautly allied to the 
TrochopTiore larva, being distinguished from the latter chielij by 
the presence of a true coeloni. We have pointed out above (pp. 57 
and 78) that the derivation of the Biyozoan and Brachiopodan 
larva from an Actinotrochan form still presents some difficulties. 
We may well feel inclined to compare the posterior end of the 
boily, which in the MoUuaooidan larva appears in an invaginated 
condition, and by means of which fixation takes place later, with 
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the foot of the Molluaca, Although, from the position of the organs, 
Bucb a comparison is admissible, yet there do not appear to be 
sufficient grounds for thie homology. 

The Sipuneulidae show remarkable structural agreement with the 
Pkoroniilae, but this similarity may possibly be explained by a aimilac 
manner of life, and does not necessitate the assumption of a nearer 
relationship between the two groui«. The larva of the Siputwtilidae 
is closely allied to the Annelidas larva and shows the true Trocho- 
pkore type, from which the Actiiiafrock'i and the other Molluscoidan 
larvae are to some extent removed. It ought specially to be pointed 
out that the Sipuneulidae agree with the Mollusca and the Annelida 
in the presence of two primitive mesoderm -cells which produce 
paired mesodemi'bands, while, in the Molluscoida, the origin of the 
mesoderm from the archenteron through folding is common. The 
rise of the coelomic sacs from the archenteron through folding is 
most clearly to be recognised in the Brachiopoda, but, in the 
Fhyloctolaemata also, the coelom must he understood to develop 
in this way, and the statements of Caldwkll as to the formatiou 
of tiie mesoderm in Phorotiis are favourable to such a view, although 
the observations of Roule do not appear to 3Upi>ort it. Although 
we, as stated above in describing the development of the Chaetog- 
natha, are not inclined to lay great weight on these diSerences in 
the formation of the mesoderm, the facts must be jwinted out. 

The shifting forward of the anus and the consequent shortening 
of the dorsal area lying between the mouth and the anus is brought 
about differently in the Sipuneulidae (VoL i., p. 363) and in Pkoronis. 
In the Siputundidae, the shifting of the anus is a consequence of 
very gradual alterations brought about by growth. The invagination 
which gives rise to the posterior end of the body in Phoronie is 
bore altogether wanting. The principal point on which stress must 
be laid in comparing Phoronis and the Sipunctilitlae is the fact that 
the circle of tentacles surrounding the mouth has a different mode 
of origin in the two groups, so that the l«ntaclea cannot be con- 
sidered as homologous. In Phrn'onis, this row of tentacles can be 
traced back to a formation of lobes in the region of the post-oral 
ciliated ring. In the Sipunculid larva, on the contrary, according 
to Hatschik (No. 5; ef. Vol. i., p. 363), the post-oral ciliated ring 
has nothing to do with the origin of the tentacles which surround 
the mouth. The post-oral ciliated ring of the Sipunculid larva lies 
atill further back, and corresponds to the anterior edge of the 
sphincter, which, after the proboscis-like anterior part of the head 
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<the introvert) ia withdrawn, <;lo8eH the a[)erture of the invagination 
thus formed (Vol. i., Fig. 159, rm, p. 362). 

It appeara from the above, that the Sipunculidae cannot be brought 
into any near relations)iip to the Mulluscoida. Since, after caroful 
consideration of the facta of ontogeny, we agree with Hatschbk 
(No. 6) in douhtiog the near relationship of the Mollnscoida and 
the Entoprocta, wo are unable to adopt the view of thneo zoologiets 
who use the structure and development of Pedirellina for explaining 
the conditions of the Molluscoida. This latter view has recently 
be«n adopted by Barhois, Seeliqer, Davenport, and Ehleiis. 
Among these, Ehlebs approaches our standpoint, in ao far as he 
njso denies that the crown of tentacles in the Entoproctn ia horao- 
Ic^ous with that in the Ectoprocta. For the reasons which compel 
us to exclude the Entoprocta from the Molluscoida, we must refer 
the reader to the following cliaptor (p. 101).* 

Tlie remarkable f;«iierii BJuibdoptciirn. aud Cephalodixva have also rcpcntedly 
been brought iuUi Dcur reUtionsliip tu the Ectoproctuns BrjonoB and Fharonis. 
MeantJRie, the resenrchea of HAitUEit, which have recently been coiilirnied by 
Spbmoel (No. 13), t aud EHl.KSa (No. 3) have revealed a striking aimUarity 
of organiiatioii betweeu Ccphaloditeiia and Balaiwglaasut. Young bads uF 
CeplialodiKiia ahoir a distiuct division of the body into three eimiecutiTe 
regious, comparable to the proboscia-, collar-, and tnink-i'egiona of Balano- 
glosgui. These regions ™rr8B]>ond to a aimilar tiumber of sections in tlia co«Iom, 
the proboscis- cavity hving sinijile aud unpaired, while the oavities of the 
collar and tlie truok are each divided by a mesGntery into paireil halves. In 
the adult Ctphilodiscua, the proboscis- cavity is restricted to the iuterigr 
of the large oral dUc, which liea like au epiatome above the mouth. This 
cavi^, according to Haiiuek, a]>tDs externally Uirough two pores (proboscis- 
pores) which perforate tlie anterior part of tbe nervous system (Fig. 12, ex). 
These pores would correspond to the proboscis. pore or pair of [lores [S. Kup- 
Aecording to Ehlbbs, on the contrary, 
of a apecial excretory organ, consisting of 
or into B wide terminal section lined with 
1 of tlie body-cavity also opens externally 
through two pores (collar-pores) beneath the apron-like fold, known as the 
operoihim, whicli hangs down behind the mouth. To thia region of the body 

* [Id the foregoing accnnnt of the Bryozoa, considerable stress has been laid 
on tbe supposed relationship of the Ectoprocta to Phoronis. Such a conneoUon 
is by no means recognised by all studonta of the Bryoioa. HAHMBJi(Ectiiproot» 
Lit, No. III.) does not consider Uu>t tbe Eolonrocta have any coimeccion with 
PhoTonit, and he would regard any stmetural resemblances ss the result of 
coincidence rather than of close i-elstiouahip. Both Harueb and Proitho 
(Ectoprocta Lit., No. V.] regard tlie Ectoprocta and the Entoprocta as nearly 
related— Ed.] 

+ Of. Spekqsl's monograph on the Entcropnenata, ji. 763, etc. Prof. 
Spekobl was kind enough to show tis a nnmbor of drawings made from his 
preparation of Crjihnludisrvi. These confirmed in all essential pointa tbe 
■s of HABMEn. 



feri, Batesok) of Ba/aiwglosaiiii. 
these pores represent the spertun 
a canal (Fig. 42) which passes o 
epithelium. Tbe second sevtii 
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l<flaiigs till' chief part of tlit^ L-tutrid ti«rvous ajBtcni (»)< n'hich lies on the 
dorsal aide coDtinuoua nitli the ectodermal e|iitheliimi, and at itit anterior 
part i« (HiDtiniied into the proLosciB-region. Connected with tlie anterior part 
of the collar-region, on either side of the prnhoscis, rire six l)i»crial pinuate 
tentacles {I), each with a tenninal knob, and into these the collaT-cavity is 
continued. Further back are the pignienti^ apertures or the paired sac-like 
genital organs [g). The alimentary cuual forms ■ dorsal loop, and the a 
(a) is displaced far forward. The ra 
ahciws ■ pair of lateral ajierturea, 
the so-called gill-sliu (ap), and an 
ontero-dorsal diverticulum (.e, noto- 
chord), which lies below the ncr. 
TODS system and extenile into the 
proboseii. The body of Ctpluilo- 
dixua is provided Kith a stalk, 
but the individuals are able to 
move shout freely within the com- 
mon gelatinous coerioecium. Tlic 
oonditioni of budding resemble 
those in Loxoaoma. Fowf.kk's 
more recent researches haye re- 
vealed a considerable agroeiuent 
between Jlhabdopltiira und CepSa/o- 
dUeu$ Here also the intestinal 
diverticulum kNown as the noto- 
fihord is found, as nell aa a |iair 
of collar-pores, wiiile the hraiichial 
■clafts and proboscis - pnres are not 
to he recoguisHl. From all that 
is known, it ap^ieara that these 
genera are nearly related to Jialano- 
gtontu, whilu no connection with 
PhoroTiii ind Ihc Bryoioa can be 
proved to exist,* since, as shown 
hy Lamo (No. 7), the agreement 
in strnctnre hetwcen these forms 
can easily be shown tu result from 
similarity in their manner of life. 
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Thk group of tlie Entoprocta, which, althougli Biiiall, is renJered of 
interest by tlie possession of many structural and developmental 
peculiar! ties, has liilherto usually Iwen united with the Ectoproc- 
tous DryoEoa, htit it is doubtful if the two Rhould be connected. 
Of the forms l>elonging to this group, P&iiceilhin, and nearly 
allied genera such as PediedUnoiigii, Ageopodaria (Barmhdn), etc., 
and, further, Ui-natel/a, form colonies, but in LoMtoma, the buds do 
not remain connected with the parent, but become detached, so that 
in this genus only solitary individuals are met with in the adult 
condition. 

Our knowledge of the embryonic development of PedieeUina, 
apart from older statements, is principally due to the researches of 
H&TBCHEK (No. 6), and Haruer (No. 5). The ontogeny of iMxmoma 
has more recently been described by Harmbh (No. 4), whose results 
agree in essential jioints with those of Hatscbek. 

The eggs of Pe-JiixlUna are fertilised while still iik the ovary. 
The embryonic development takes place within the vestibule of the 
female,* which is transformed into a brood-cavity, the epithelium 
of which apjipars to become thickened and glandular for the 
nourishment of the embryos (Ehlerh, No. 2). These are attached 
to the wall of the brood-cavity by the pointed end of the elongated, 
pear-ahaped egg-envelope (a secretion of the epithelium lining the 
oviduct). The young larvae, when hatched, still remain in the 
brood-cavity, and are said to be attached to its wall. 

In the granular and somewhat opaque sphericitl egg of Pedieellina, 
enclosed in its vitelline membrane, a somewhat clearer animal pole 
can be distinguished, near which lies the germinal vesicle. Cleavage 
is, as a rule, total and unequal, but approaches the equal and regular 

* Pcdiefllitia ecAivata ia liertnopliroilite. In other sjiMicg the aexes appear to 
be serrate. [Accordiiif; to Haiiubii, PcdifelUna U sninctimes dinecions and 
-< — -as monoecious, and Loxotomii a p«rha)<8 always dioeciou». — Eti.] 
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type. It 18, howevQr, not altogetlipr regular, aince the two-celled stage, 
at which the two blustonieres are not quite equal in eiie, is followed 
first by a three-celled atngo, and only later by one showing four cells, 
this latter stage being reached by the separation from each of the 
two primary blastomeres of a somewhat smaller cleavage-sphere, near 
the animal ]>ole. As the blastomeres of the animal pole now rapidly 
increase in number, and a central cavity appears, a blaetula stage 
arieee (Fig. 43 A); in this, the cells of the vegetative half are 
remarkable for their size and granular character. 

Further development leads to a formation of a true invagination 
gastrula (Fig. 43 B). The vegetative half of the embryo first 
flattens and then becomes invaginated towanls the animal pole, the 
cleavage-cavity cotisequeutly being almost obliterated. Tlie bliistopore 




■ecu rroiii tliF ilOe. I>, guUnlB-iUEe. Upticsl Hctlop rniiii BbovF. C, litrr aUgc. tHa Uh 
cloilnH of th« blutoparo. Han (Yuni Ihs aldr. a.l, Brclwnteric Bt-iilj; tp, ectademi: ki, 
enlodBnii ; mi, inexxlenii calli ; ix, ele«viiBB.a»ity. 

cloBOB in the form of a longitudinal slit corresponding to the median 
plane, and to the middle of the future ventral srirface. A fliitteuing 
of the ventral side can already be noticed (Fig. 43 C). At that end 
of the slit-like blastopore which can be directly observed to give 
rise to the posterior or anal end of the adult, two symmetrically 
placed cells (iiie) now appear ; these have retained the primitive 
character of cleavage-spiieres, and are not yet externally covered by 
the ectoderm Those are the }>ri}nitii-e celts of tim metoderm. They 
are soon coinpletely grown over by the ectoderm (Fig. 43 C), and 
then lie in a space between the ectoderm and the entoderm, which is 
derived from the cleavage-cavity, and is considered to be the primary 
body-cavity. This cavity develops further during the following 
stages, and gradually becomes filled with mesodermal elements. 



During the next stages the licvelopment of the definitive form of 
the boJy takes place. The cmbrfo lengUieiis at rigbt angles to the 
flattened ventral side (Fig. 44). At the same time the ectoderm 
thickens over this ventral region, and thus assumes the form of a 
disc which, at its edge, is sharply marked off from the rest of the 
eotoderm, imd later sinks in to form the vestibule. In the anterior 
half of this disc an invagination appears which soon becomes lined 
with ciliated cells (Fig. 44, oe); this is the rudiment of the oeso- 
phagus. At a somewhat later stage another similar invagination 
develops from the posterior part of the disc (Fig. 44 B, an.i) ; tliis 
is the rudiment of the hind-gut, which nt first is a solid, inwardly 
projecting ectodermal thickening. The oesophageal invagination 




soon becomes connected with the rudiment of the mid-gut (Fig, 
45 A). The establishment of communication between the mid-^t 
and the hind-gut, and the acquisition of an external a^wrture by 
the latter, occur only in the later stages (Fig. 45 B). 

The mesoderm- cells, meantime, have increased in number, the 
proliferation of the two pole-cells leaJing first to the formation of 
two short mesoderm-bands. Two larval organs specially character- 
istic of PeiHcellina also appear. One of these, which we shall call 
the eiliaieil dine (Figa. 44 and 45, /if), is an ectodermal thickening 
which lies apically and consists of large glandular cells, its margin 
being beset with stiff cilia. The other larval organ, which is known 
ae the dorsal organ (Figs. 44 and 45, x), lies on the anterior side of 
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Llie cup-like aboml wall of llie larva, and consists of a rather deep 
ectodermal depression, part of the anterior section of wliicli can be 
evaginated. 

In the ooniparison which has oftea hetn m&de lietween the PcdicflUna larva 
and the larrae of Ihe Ectoprocta {espeoUlly with Cyphonautes), these two pro- 
Tiaionst organs liavu played a coiia]rica(nis part. Tlie ciliated diac has usualtj 
been regard^ oa the liomologiie of tlie retractile diac of the Ectaprocta. Like 
the latter, it is retractile, and seems to fnnction as a sensory organ. Tliis, at 
least, aeeiiia to lie proved hj- the ohdervatioii timt the larva of FfHiulliiut, wlieit 
animtning, always carrieH this organ directed forward. The strncture of the 
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dorsal orgaa might lead lis to eonclude tliat it was homologaiia vith the pear- 
shaped organ of the EctD|)roota, but the difference in the ]Kisitioli of the two 
organs relative to the ciliated ring must lie takeu into cousideratioD, aud 
such a comporisou must be mode with caution. Tlie organ under conaideration 
lies in the one case iu tlie aboral, aud in the other in the oral region. In oon- 
Hequence of the (lifliciilties wliich. according to the most rcc«ut researches, stand 
in the way of comparing FrdicfUiva aud the Ectoprocta (p. 101), it most W 
regarded as doubtful wliether we ate in any way jnstified in searching for 
homologies of this kind betnccn tlie larvae of the two groups. 

The iloraat organ (Figs. 41 and IS, r) has, up to the present, been interpreted 
ill very various ways. HATdcHES, who thought that he had conrioeed himself 
that an cutodermal sac derived from the nidimeut of tlie mid-gut passed into 
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tlip romiatiou of tills orjjaii, assiimsH it to 1i« tlio first huri tliat attains licvelop- 
ment in the Isitb. At'cnrding to tlie more reueot reaearchcn of Haiiher (No. 5) 
and SssuaKn (No. 12), however, it can no longer be doubted that th« rudiments 
of the buds only appear later, after atta<!hTnciit has taken place, atul in another 
miy, and thil therefore HATflCHBK's view was erroneoUH. Haumeii, who traced 
the origin of the iiiniijarly formed, bilobate. dorsal organ of Loxmoiiia, wliich i* 
provided wilh two pigmented cya-spots, explains it as a brain (supra-oesophagtal 
ganglion] arising through an ectodermal inraginstion and connected with a 
sensor; apparatus, and, further, united by fibrous commissures with the ganglion 
that dcTelnjis between the month and the anus. The Utter ia assumed by 
Uakhkb to lie the sub-oesopliageal ganglion (comtiarable to the pedal ganglion 
of the Mollnsca). 

In the later sta<,'?3, the cup-like cavity known ns the atrium or 
vestibule (Fig. 45 A, it) forma in the PedicelHiia larva, the oral 
ciliated aurface becoming more and more depresaaJ. Tlie Hoor of 
the cavity thus formed soon shows a deep depression extending 
between the mouth ntid the anus (Fig. 45 A), from the wall of 
vrhich the aub-oesophageal ganglion is said to originate as a simple 
thickening of the ectoderm (Harheh) The lateral walls of this 
depression separate it from an outer groove in the floor of tlie 
vestibule ; this latter groove runs round the anal cone ami passes 
over anteriorly into the funnel-shaped oral aperture. Tliis groove 
corresponds to the tentacle-gioove of the adult. The outer tliickened 
edge of the cup that has thus arisen now becomes separated by a 
furrow from the rest of the body-surface, and develops a massive 
ciliated ring (Fig. 45 B), which functions as the locotnotory organ 
of the larva. 

As the muscle-fibres develop, the different ]>arts of the body 
become markedly retractile. The floor of the vestibule, especially, 
tan be protruded far beyond its aperture and again withdrawn. 
When the larva is in the condition of greatest exjiansion, two 
conical processes can be seen projecting from the aperture of the 
vestibule (Fig. 45 B). The posterior cone carries at its apex 
the anal nperture (a, nnal cone), while the anterior process is distin- 
guished by a tuft of long fiagella; this latter process has the same 
position ns the epiatome, as it lies behind the oral aperture at tiie 
anterior edge of the deep depression mentioned above. 

A feature of morphological imjiortance is the presence of an 
excretory apparatus {npl') consisting of two small ciliated canals 
which, in position and structure, agrees with that of the adult 
(Fig. 48, kt). We may compare this with the head-kidney of the 
Trocliophi/re larva of the Annelida. It opens externally at a point 
between the epistome aud the ganglion. 
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The aCrLictiii'o iif these excretorj ustmla Iiim hven repeatedly iiiveatigitted in 
tliB adult of Laroauna, Fedicellina, aod Atatpodaria, a certain inipoi-taitM boiDg 
attribul«(i to these fonus in conneotion with tbe sigliificaiice of this orgsD as the 
hmd-kidtiey (jirotaDephiidium, Hatschek). Tlie results or these iuvestigatioDS 
iiiuflt not as jet lie regarded aa concluaive. Wliils H*B¥eb, Foeitincbb, Mid 
Hatbckkk regard the cells of this orgau as perfai'ate, and its lumen thus u 
being intracellular, ERtKBB, and more rMoiitly Piocbo (No. 9], do not agwa 
nith this view. Accoi'ding to the latter authors, tbe lumen nf the ciiDal lies 
between tbe cetla. According to Eklers, the canal ends lilindly iatenuLlly, 
bat does not, as Harher stated, tei'minat« with a lUiue-cell. The must recent 
investigutor of this subjeet (Pnouso} even throws doubt on the blind termina- 
tion of the internal end. According to FoKrriNOEit snd Eulers, the two 
canals unite to form a common unpaivHl duct opening by s single aperture, 

Uetamorplioals. 

According to the statemeuta of tho older investigutora (P. J. van 
Bbkedbn and others), the lixatioti of the Pedicellina larva seemed 
to take place hy means of the ciliated diac This organ was then 
said to pass over into the pedal gland of the Loxoeoma stage. It 
was therefore usually called, even in the larva, the " coment-gland, or 
sucker," or received eome other similar appellation. Metamorphosis 
would then simply have consisted in the growing out of the apical 
part of the larva as the peduncle, while the organisation of tbe adult 
would be attained by the budding out of tentacles in the vestibule. 
On tbe other hand, the more recent researches of Barkois (No. 1), 
wliich were confirmed by Harher (No. 5), have revealed the sur- 
prising fact that the fixation of the larva takes place, aa in the 
Ectoprocta, at the. oral side, by means of the edge of the vestibule. 
During fixation the larva is in its most retracted condition (Fig. 46 A), 
even the cell-row of the ciliated ring being withdrawn into the 
vestibule. The aperture of the latter is very much narrowed, and 
soon closes complet«ly, and it« marginal cells fuse (Fig. 46 B), In 
this way the vestibule becomes a sac closed on all sides. 

In the course of further metamorphosis, the l)ody of the larva 
changes iu shape. The lower part narrows somewhat to form the 
future peduncle (Fig. 46 B and 0), while the upper part swells out 
into the head, this swelling heing ut first more marked posteriorly. 
The body in this way becomes almost pipe-shaped (Fig. 46 C). At 
the same time the alimentary canal, together with the vestibule, 
changes its position, its posterior portion shifting upwards. The 
stomach, the principal axis of which originally lay horizontally, haa 
now assumed a more oblique position, which finally passes into a 
j)erpendicular position. The oesophagus then lies helow, while the 
hind-gut with the anal aperture (a) lies above. These two parts 
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of the aliiuentary canal, the oesopltagus and the hiud-gut, now lie 
almost horizontally. 

While the intestine Las shifted ia the way jiiat described, the 
vestibule haa considerably lengthened (Fig. 46 B). At a later stage 
ojily a part of this cavity is retained, the lower part, lying in the 
peduncle, ills integrating through histolysis of its walls. Further 
disintegration and histolysis take place also in other parts of the 




Three itBgin in the dietaiHorgiluuls ol Fullalliita (utter HiRHtn). A, luvi Jtul 

■tUdlBiI. H, comniencaiueDt of the mtatlon ol ihe BliinenUry cimal, uid putia] diiinttgn- 
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vestibule and of tho intestinal wall. These broken down cell-masses 
are found in numbers in the lumen of the vestibule and in the 
stomach. These proc«sses, however, do not here lead to the 
destruction of the whole organ, but only afl'ect the portion nearest 
the peduncle. The two larval organs, the dorsal oi^an {'I) and the 
ciliated disc (te), on the contrary, are completely destroyed. 

After the rotation of the intestinal canal round its transverse axis, 
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above deacribed, has taken jjtace, the vestibuls d<;velopa a new 
external aperture, ita outer wall fusing with the inner surface of the 
body-wall, and a slit-like fissure arising at the point of fusion. In 
close proximity to this perforation of the wall, the rudimenta of the 
first tentacles (Fig. 46, t) appear as outgrowths of the vestihulat 
wall extending into the vestibular cavity. 

The stage in the development of Pedicellitia attained by means of 
these transformations recolla the appearance of certain epeciee of 
Lozosoma in the oblique position of the vestibular aperture, and the 
presence of a pedal gland (^') which has arisen as an ectodermal 
thickening. Only later are these charaeters lost, the head becoming 
more distinctly marked off from the peduncle and aasumiug an 
upright position, the aperture of the vestibule being apical. During 
the histolysis of the inner organs, many of the isolated cells pass 
into the body-cavity ; these are gradually absorbed, and the cavity 
then appears filled with star-shaped mesenchyme cells. 

The tactaiuorphosia nf the lurva of Loxoaoiiui still rsmuns anknowD. Tbere 
can, howcTer, ba no doubt that it ia iu ossunCiDil agreement ivith that bere 
deacribed for Fedimlliva. 

Asexual Reproduction. 

Asexual reproduction thmugh the formnthn of hiifle plays an 
important part in the life-liiatory of the Entoprocta. In Loxasonia 
the buds arise in large numbers at the ventral side of the cup, on 
either side of the paten tranimal. The buds here seem to form 
alternately, those of the right side alternating in age with those of 
the left When the buds have attained a certain grade of develop- 
ment they become detacheJ, and continue their lives as solitary 
individuals. 

In Pedicdlina echinafa, the formation of new buds takes place 
from a basal stolon ; since the buds retain their connection with the 
parent, colonies of variable size develop. These colonies are essentially 
bilaterally -sy mm L'trical in their development. The stolon forms from 
the lower end of the peduncle of the oldest individual, on its anal 
side (SBKLtQER). The buds are arranged on the stolon in such a way 
that the median plane in them corresponds with that in the parent- 
animal. The youngest buds are found at the growing end of the 
stolon. Each bud develops on the oesophageal side of the bud next 
older than itself. In rare coses a lateral branching of the stolon has 
been observed in Pediceltina eeliinata (SEBLiaKR, Khlkrh). In other 
forms (Aicajmiaria), such branching i: 
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The stolon is formed by the eimjJe growtli of the two gemi-Ia}'^^ 
preaent in the peduncle, i.e., the ectoderm nud the meaenchyme 
(HjtRMBR, Sbeligbr). Consequently the buds formed on the stolon 
also owe Iheir origin exclusively to these two gcrm-layera. Hatechek's 
view that, in addition to liiese constituenta, an entoderm-aac also 
«nterB into the formation of each bud, tltis sac having arisen by 
abatriction from the mid-gut rudiment of the next older individual, 
must, according to Hariubr and SEBLioen, be regaviled a 



According to thi 



formation of the buds recalls 







1, polyplde-i 



arisen soon be- 
comes divided 
by constriction 

into two parte {Fig. 47 A), the larger outer part representing the 
rudiment of the vestibule (a), and the sraaller inner part that of 
the whole alimentary canal (»'). In this case, aa in the Ectoprocta, 
the mid-gut has not an independent entodermal origin. The point 
at which communication between the two parts of the sacs is retained 
becomes the future oral aperture, while the development of the hind- 
gut and of the aiiol aperture follows only later. In this respect the 
formation of buds in the Entoprocta deviates from that in the 
Ectoprocta, where the anal communication of the vestibule with 
the mid-gut is the first to be established (p. 40). An ectodermal 
invagination which foi-ms at the base of the vestibule, between the 
oral and anal apertureH, givea origin to the yanglion, which, as a 
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Bolid ceU-ruasa containing within it a dense network of fine nerve- 
fibrila (Punkt-suliataiu), soon becomes detached from the ectoderm. 
Tiie tentacles arise as outgrowths projecting into the vestibale. 

The vcilunUrj' tlirotving off of the bead, and its submqiient regeneration front 
the end of the [leduncle, liaa sIbo ret^ently b«en more Cftrofulty inrextigated by 
Sp.ELlUGR. Exteiisive [irocesseit of degetieratiou occur iu the "head" before 
it 13 separated. The end of the peiioncle, »ft*r the detachment has laken 
place, sbDWR the same campositiou out of two geliii-layem which WM 
found iu the Btolon, and the development of the uuw "head" actually takes 
place under exactly the same conditions and bj just the same jirocessea as the 
development of the buds on the atoton. Tlie Bponlaneoua throwing olT of the 
"head" and its regeneration reoall the degeneration and new fomiation of 
the polypides in the Ectoprocta, 

The bndding in Loxoioma takes place, according to Sgeliokr (No. 13), in 
just the same way as described alwve for Palvxtlina. Heie also an ectodermal 
invagination yields the common rudiment of the vestibale and the alimentary 
canal, while the mcaoilerTU is derived from the immigratiuf; meaeuchyme-cella 
nf the parent-animal. As a rule, the young bnd projects oarly as an outgrowth 
am the parent, but there are cerlaiu modifications iu the uiaunet iu which 
the buda are attached in the different species. While, in Loxaaotwt tinware. 
Raja, rxxhltar, and phateolosomalitm., the bads appear attached to the parent 
by the peduncle, in L. KefenUimi, according to Nitschk and ClaparKdz, 
the attachment to the parent is in the re^oD of tlie dorsal side of the bnd 
at the boundary between the peduncle and Ihe trunk. The peduncle therefore 
does not here grow out as a free projection fhim the iHidy. According to 
PliouHO, the budding in Loxoionta (CyelatfUaJ antutiiHailii is at first internal, 
the young bud developing in an ectodermal depression forniiug a kind of 
amniotic cavity. The buda aj.pear to develop in tlie tame way in Lozoxoma 
Eiya; this fact led O. ScuMlliT to trace batk the formation of biidn in Loxoseiii'M 
to a pavthenogenetic development. 

(Je&eral Oonsider&tions. 

In trcnting of the affinities of the Kutoproctii, we must start with 
the free-swimming Pedirelliita larva. This larva may, without much 
difEcultj, be traced back to the Trorfio/iliore type. The ciliated 
rings of the PeiUceHina larva would then correspond to the pre-oral 
ciliated ring of the TrocJiopkorfi, while the region lying behind the 
ring becomes invaginated to form the vestibule. In such a com- 
parison, we have to regard tile short line extendiuR between the 
oral and the anal apertures as the ventral median line of the Ento- 
proctous Ini'VQ, the correctness of this view being confirmed by the 
position of tlie blastopore. 

In comparing the Entoproctoiu larva with the TTOeJu^luire, we have left the 
apical plate out of conaidonttion. Whether Harmer'b view that the dorsal 
organ {x) is tile brain of tlie larra and tlie equivalent of the apical plate is 
■uHiaiently corrDl>orate<) by tlie facts to be observed, must be left to the decision. 
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of futllrc invcstigstoi's. Bcsidu the points of agreumtnt wUti tlic Trockojikore, 
the Entoprootous larva sliowa many points of corajxiriaoii with the Ecloprocla, 
which may &lso be traced back to the Trochophort tjpe. VTe have, however, 
ftlreodj ahown (p. 94) that such a compariaon meeta with considerable difficnlties 
in the details of the organisation of the two krvae. 

It is of great importance for a comprehension of the adult P&H- 
eellina (Fig. 48) that we should carefully consider the nietamorphoBis 
of the larva, made known by BAitnoiB and Harhbr. Such an 
examination shows that the relative positions of the mouth the 
anal aperture, the alimentary canal tlie ganglion, and the nephridial 
canals undergo no alterntiona during metainorphoaio Tim latter 
consists solely in the rotation 
of the whole complex of organs 
now under consideration round 
a transverse axis, ITie vesti- 
bule alone undergoes any con- 
siderable change, part of it 
being dilated and part degen- 
erating, a new aperture also 
forming. It thus results, from 
a careful consideration of the 
metamorphosis of Pe/licellirta, 
that the adidt is here at essen- 
tially the stage of organisation 
of the TriK-hophore. We are 
thus compelled to regard the 
short line extending from the 
mouth to the anal aperture in 
the adult Entoproctan as the 
ventral median line, for this 
still directly corresponds to the 
region at which the slit-like 
blastopore closed. We must, 

then, for the sake of consistency, regard the ganglion lying at this 
point (r) as a stib-oesophogeal ganglion belonging to the ventral side. 
In the same way, we would then, perhaps, be able to trace back 
the ring of tentacles (f) of the adult to the pte-oral ciliated ring 
of the larva. 

The above conaidcraliona soem to show that the Entoiirocta, in Bjiite of many 
nmarkable ]Kiinta of agreement, cannot in any way be compared with or 
combined into tbe same gronp as the Itrjozoa (Ectoprocta). We regard them u 
an entirely independent groU]i, and in this rrapcct agree with Hatschek 
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(Lclirb. d. Zool., p. 40). .Inet as aiirely aa Iho oriwatation gitpu aboTO Beenjn 
established for the Eiitoiirin'ta, does tbat eutirely differeut interpretotion of the 
Eutoprocta, supported by a comparuion n'ith Fhoronis, seem jiutiGed. lu tbis 
group the oral aud aiia! alkertuii» are dorsal, the gaugliou is suprK-onopbogeol, 
and the ring of tentacles k post-ontl. The ganglia and the crowu of lentaclel 
would thus rot he honiologoua in the two groups. If other divergences of 
atructure be added (the want of a bodycavity in the Eulcprocla, the podtion 
of the anal ajierturv, the charaoteriatic nephridia rormed on the type of tha 
head-kidne;), salficient grounds are found for completely separaUug the Euto- 
proeta from the EcCoprocta. 

Wb must, however, bear in mind the fact that the foundation 
upon whiuh the uhove view of the eystematic pOBitioD of the 
Entoprocta rcsta, contains a considerable number of hypothetical 
elements. Among the decisive reasons for eepamting the Entoprocta 
from the Ectoprocta are two observationa of a very difficult nature 
(that of the inetanior pilosis and that of the structure of the nephridia), 
and, from theae, errors rany not altogether have been excluded. 
Until further corroborating investigations have been made, any 
attempts to decide the uRinities of the Entoprocta muat be regarded 
aa provisional. We have, therefore, appendeit them to the Mollus- 
coida, though aa an independent group,* 
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sequence, the Ectoprncta are eonipletely severed from the Entoprocta. Tbeaa 
coDclosions are by no meana accepted by all stiideuta of the Bryozoa. HarhIK 
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Pp.orBo {Ectoprocta Lit., No. VI.) regard tbc Ectoprocta and tlje Entoprocta 
as nearly related. 

An imporUnt article dealing with the Bryozoa has recently appeared in 
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CHAPTER XIX 



CRUSTACEA. 



Systematic : — 

A. ENTOMOSXRACA. 



0. Pbtllofoda 



6. OSTBACODA. 

C. ClRItlFEDIA. 



d. Cope POD A 



'ODA -} 

ffliSlii. 

I.; 



Branchiopoda 
Cladocera. 



Eucopepoda 



Apua, Branchipia, 
Estheria. 



1. 



GnatlKutotnaia. 
Paraeiia: 



Branch i tint (Argidus). 
B, MALACOSTRACA. 

a. Leptostraca (Nebalia). 

I, TiioRACOsTHAOA (Fodophthalmata). 

I. Schizopoda {Euphauiia, MysU). 
f 1. Maemra. 



IL Decapodfl J 


2. Anomura. 


I 


. 3. Brackyvra. 


IIL Stomatopoda. 




IV. Cuniacea. 




Ahthrostraca (Edriophtlialinata), 




I, Aniaopoda {Tai 


lait, Apseudee). 


II. leopoda. 




III. Amphipoda. 





The Development of the Embryo. 
1. OvipoBition, Care of the Brood. 

The egga of the Crustacea are, as a rule, spherical in fonn, 
although in a few cases they are somewhat ellipsoidal {Oaisc%u, 
Gamnianu, Ligia, Palaemcni, Atyephyra, CrangoJt, etc), Where the ' 
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«gg8 are crowded togfither in a brood-cavity (e.y., in the Arthro- 
straca), tlieir ehape, durin;; the first stages of development, may be 
rather irregular, on account of mutual pressure. 

It has been observed that, in various Crustacea, the female under- 
goes ecdysis before Liying the eggs. This is the case with some 
Cladocera before the laying of the summer eggs (Jdrine, Grobbbn), 
also with Qamiitai-us (Della Vallb) and Alyephyra (Ibchikawa). 

The adaptations for the protection of the eggs vary greatly. The 
eggs are laid singly (CijiirU among the Ostracoda and CelocbUu*, 
Dia», Cen/ropayeg among the Copcpoda), or in bands [ArtiiUus), or 
united into masses (Stomatopoda). The winter eggs of many of 
the Cladocera are either, when laid, enulosed merely in their own 
envelopes, or are further protected by a cuticular, saddle-shaped 
structure, the so-called ephippium, wliicli is a cuticular thickening 
of the dorsal integument of the brood-chamber of the mother. The 
summer eggs of this sub-order, on the contrary, undergo their entire 
development within a brood-cavity, coveted by the shell of the 
mother, and a similar cavity shelters the eggs of the Nolodeljjhi/idae 
(Copepoda) whilst they undergo development. In the Branchiopotla 
there are many difierent adaptations for the protection of tlie eggs, 
which are carried about by the mother until tliey reach a certain 
stage of development In Aptts, for example, the eggs are carrieil 
in a watch-glass-ahapeil receptacle formed by processes of the eleventh 
pair of limbs ; in Branehiyus, in a pocket-like cavity of the abdomen ; 
in Estheria, they are attached to filamentous appendages of the ninth 
and tenth pairs of legs, situated between the valves of the mother's 
shell, Tliey are only deposited in tlie mud after the formation of 
the blastoderm is completed and the outer germ-layer has developed. 
Whereas, in the Ostracoda, the eggs are, as a rule, laid singly 
{djpridae), m Cypri-lina, they are retained within the shell of the 
mother until they are hatched ; this is also the case in the Lepto- 
straca {NeUtiia) and in the Cirripedia. In the latter, the eggs are 
cemented together in lamellae [Lepadidue) or enclosed in branched 
ovisacs (Rhizoeephala). In the Copepoda, except in the cases just 
mentioned {Cetochilm, Noiodelphyidae), the eggs are carried in 
ovisacs formed by a secretion of a special cement-gland, atid are 
attached to the genital segment. In the Arthrostraca, Cumacea, 
and Mysidae, the eggs lie in a brood-chamber on the ventral side of 
the thorax, externally protected by lamellate appendages {omtegiten) 
of the coxal joints of the thoracic limbs belonging to this region. 
In the Decapoda, on the contrary, the eggs are usually attached 
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to the limbs of t!ie alxiomiiial segjiieiits (iileo/'O'in) by lucans of llift 
secretion of a spei^ial celiieiit-glniiii. 

2. Cleavage and Formation of the Blastoderm. 

The Crustacean egg is, as a rule, distiuguislieiJ by tbe large 
arnouut of food-yolk contained in it. Tlie latter consists of spherical 
particles interspersed with fat-dropa. In most cases the food-yolk 
ia found equally distributed throughout the egg, altliotiyh, as a rule, 
the yolk -spherules are of smaller size at the surface of the e^. In 
'a few cases, in eggs that coutaiu lesa nutritive yolk, a superficial 
layer of protoplasm (formative yolk) ia dcveloi>ed (e.g., many 
Cladoeera aiut Celochilw). As a rule, part of the formative 
yolk is evenly distributed between the particles of food-yolk, while 
the rest is massed near the first cleavage -nucleus. Rarely, ii» 
in Moina, the polar differentiation of the egg is made evident- 
by the unequal distribution of the food-yolk, which accumulates 
in the vegetative half of the egg. In Moina also, the first 
cleavage-nucleus is found (as also in Celi/chilua) not exactly in the 
centre of the egg, but in an cxcentric position, somewhat nearer 
the animal pole. The first cleavage -imcleua usually lies, together 
with an accumulation of protoplasm, near the centre of the egg; 
and even in those forms (e.g., Myew) in whii^h discoidal cleavage 
takes place, it originally occupies a similar position. 

The Crustacean egg, att«r the ejection of tlie polar bodies and 
subsequent fertilisation, is usually at first surrounded by a homo- 
geneoua cuticular envelope, which is probably secreted by the egg 
itself, and must therefore be called the mtelUne memlirmte. 

It U not as yet univHrsally admitted that vitBlline merabiaiie is the correct 
dongiutiDn for this envelope. The forniationof this metulii'aDe takes place eicher 
in the lower portion of the oviduet, or only after the egg is laid (fertiliMtion 
DOCQrring Bimultaneously). Clavs considered that it arose as a aearetion or 
hardening of the external layer of the yolk, and therefore assumed that it vas 
a vitelline nienibrane, while Van Beheckh (No. 1) thought it probahle that it 
originated froni the cells of the follicles ov from the epithelium of the oviduct 
(iu those cues wliere no follicles are developeil), and aouordiugly called it the 
ehorioH, This latter name baa been adhered to by many recent authors. 
H. Blakc (No. 35), in support of this view, hoe shown that in Ciima the 
membrane adlieres more closely to the folUoIe-cella than to the surface of the 
egg. The vieiT that it is a vitelline membrane, which Lupwio also held, 
receives its strongest supjiort fi'om the observations of Glaus, irho was able 
to prove by means of measurementa that, ia ChondTiieanthiu, a decreaM in 
tlie volume of the egg took place simultaneously with its appearance, and of 
Gbobben, who showed that in Cetoekilus (No. 21) this membrane is farmed 
after the egg is laid, when a similar contraction of the egg takes y ~' 
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.ND PORUlTtON or TUK BLAaTODERM. 

oliaerrationa »gree with those of B'bishasS, "ho watched thp jiiuisaKe of the 
naked egg into the brood-cavft; in vaHoiu CUdocci'o, and the atibaequeiit fomia- 
tiim of the menibniie Mora noentlj Drlla Valle (No 76) has shown that 
la Oa la alsu 1 e eggs axe paased on to 1 b ood v» y vn I out an 
xtemal n lope and onl; iiei^re tha t tell ne niembrau nftp fe ItsatloD 

Se onJa v te nal envelope are often present n id t on to the 
V telline e ul rane An ong tl ese muat be en nted the extemal 
1 ard shell of the nter eggs of the Phyllopoda (F ^ 50 / p 108) 
tl e OT sa 8 of ti e Copepoda and the C rr ped a and the membrane 
of atta hment (stalked egf, si ell) of tl e Decapodi wh ch does not 
al vajs com] letely a rround the egg 

There a n u 1 var at on n the cleavage of the egg n d fTerent 
t rras of the Cr atacea, but these ous typea of 1 a a^e ann t 
be ass gned v tl ny e a t tud to tl e I fF rent sul 1 v s o of th 
},roup b n it net k nds of leava^, a o t b fo d n nearly 
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nBurltlag from llio cell c. 



related forms. Gammama afforda an example of this, the difierent 
species of this genus showing variations of cleavage which, however, 
according to Della Valle {Xo. 76), are not so remarkable as we were 
led to believe by the earlier investigations of La Valkttb St, Gborgb 
(No. 77), Van Bbnbdbn (No. 1), and Bbssbls (No. 2). Similar 
examples might he cited from among the parasitic Cope[>oda and the 
Cladocera. The latt«r group exhibits particularly clearly how the 
type of cleavage is influenced by the quantity of food-yolk present, 
and by the possibility of the e^ being otherwise provided with 
nutritive material. In many forms of tbia sub-order, the winter egg, 
which is rich in food-yolk, dtfTers in the type of its segmentation 
from the summer egg, which is poor in yolk, and which, during the 
whole course of its embryonic development, receives from the mother 
fluid nourishment through the album iniferous contents of the brood- 
cavity (Wbismans, Claob), 
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lOS CH0ST4CBA. 

The following four types of cleavage* may be ciistiuguislied among 
the Crustacea ; — 

Type L Eggs with completejand eqoal cleaTnge. Tins type 
is of very rare octiirreiice among the Cnistiicea, It is, howevev, to 
be found in the egg of Lucifer (Brooks, Ko. 43, Fig. 49), which is 
very poor in yolk. In this egg, after cleavage has taken place in the 
most regular manner, there is formed a coeloblastula consisting of 
few cells (Fig. 49 B) and having a spacious central cleavage-cavity. 
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proDosliiu 



he egg of Ihv.v^ifm (ftfler A^ l^itii 

-,m\na l/ilnl pTniviure. V, Older BtAj 



In proDucleui ; r, jioliir body. 

this stage giving rise to a very primitive invagination-gastmla (Fig. 
49 C). All the cells at first appear to be similar in form and equally 
provided with spherules of yolk. At the commencement of the 
process of invagination, however, one cell lying at the vegetative 
pole (Fig. 49 li, c) is to be distinguished by the greater accumulation 
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of yolk within it. First two and then four portions become separated 
Irom this cell (Fig. 49 C, d), and these, shifting out of connection 
with the entoderm, come to lie within the primary body-eavity at 
the apex of the archenteric invagination. Tlie significance of these 
portions of this cpH is still doubtful ('■/. below, p. 127). 

Type n. £ggs with total cleaTHgQ in the first and superficial 
cleavage in the later stages. This type is very common among the 
Crustacea. The cleavage here begins with a total and, in most cases, 
an eqnal division (t/. Fig. 50 B and C), the egg dividing up first into 
two, then into four, eight, and sixteen cleavage .spheres of equal size, 
which are similarly filled with spherules of yolk. Within each of 
these cleavage-spheres lies a nucleus surrounded by a star-like mass 
of protoplasm which sends out numerons processea. The further 
cleavage proceeds, the more do these separate nuclei approach the 
surface of the egg. As a consequence of this they lose control of 
those portions of the now prismatic cleavage-cells which stretch 
inwards. The result is n stage in which ceil-regions can be dis- 
tinguished at the surface divided by furrows, while in the interior 
of the egg the originally distinct cells have become secondarily fused 
together (Fig. 50 D). The cleavage has become eujjerjicial. At the 
same time an even sharper distuiction between formative and nutritive 
yolk takes place. The superficial colls finally contain only formative 
yolk, and become separated from the nutritive yolk by a distinct line. 
A blaatula-stage (Fig. 50 D) is thus finally reached; this consists of 
a superficial layer of cells of equal ahe, and of an inner mass of 
yolk (now apparently filling the cleavage-cavity*). In tlie latter, no 
distinct demarcation between the portions belonging to the separate 
blastoderm -cells can, as a rule, be made out. There are, however, 
indications of sucli demarcation in the form of radial furrows, which 
are to be seen specially distinctly in the egg of Antaeus (Fig. 65, 
p. 114) belonging to the next type of cleavage. lu this egg, the 
central mass of yolk breaks up into the so-called primary or 
Bathke's yolk-pyramlih (observed later by LBBEBf.>ULBT, No. 58, and 
BoBRBTZsr, No. 41) and a spherical centra! hody (Reichesbacu, 
Nos. 64, 45). The yolk-pyramids here represent tlie yolk of the 
separate blastomeres, while the central mass represents the unseg- 

• Strictly sprakiiig, the food.yolk does not lie I'li thi cleaiage-cairUy, but 
occapies a coasidrraljly larger spiicc tlisn did the original cavity. We muat 
therefore distinguish l»*o parts in tho food-yolk : a central jiortjon wliich fllU 
the original tleaiagc.cavity, aud a pcripheraS portion correspondiiig to the Aued 
iunur ends of the hlastoniere^ Oniy tue distal portions of the blastomeres have 
•nCered into the fomiation ut the hlastoderm. 
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1 mass of yolk which filla the actual cleavnge-cavity, Similar 
yolk-pyramids were observed in Paluevion \>y Bobrbtzky ; here, 
however, in the centre of the egg, they appear to be fused together. 
This is also the cose in Aipheus, PaIaeinonele», and Sipjta (Hbrbiok). 

It hag been obacrred tLttt, in individual cases, not al) the cleavage-nuclei shift 
In the surface to form the blastoJenii, but that some of theiu may i-cmain in the 
central ninaa of julk [Alyephyra, lECHlkAWA ; Crangmi, K[>'(:kley, No. 53). 
TliB flignificania of these calls in not yet ulearlj understood. Eikgklbv believes 
tliat tliey are lielated cells, left behind iu the process of blsstoderiu-rormatioD. 
It is, however, jioraible that they ought to be r^gnrded as early rBpreaentativcs 
of the vitclloj)lisgs (//. below, p. 131). 

A very primitive form of olesTAge, to be ranked with the type above described, 
is found in Branehipui, according to the unpublished researches of Bkavxu 
(Fig. 50). This form is distinguished by the fact that tolai cleavage is followed 
for s lung time, giving place iiiily iu the late stages to the suiwrficial method," 
and that a gradually iucrmfiiug 
blaitouoele (/) appears early. 
Such a blostocoele js not. as a 
rule, to be observed in Crus- 
tacean eggs, save in the type of 
cleavage now under considera- 
tion, the prismatic or pp'amidal 
lilastotnei'es being usually in 
contact at the centre. 

Careful examination of Crus- 
tacean eggs that aliound in yolk 
and belong to this type reveals 
the fact that, even in the first 
stages, the blastJjmeres aiv 
hardly able to contain the 
mus of food-yolk supplied to 
them, or to avoid fusing with 
the neighbouring blastonieres. 
IscHiKAWA (No. 61) found in 
AtyepKyra, that, alter divisiou 
into two the blostonierea once 
more fused to fonu a single 
M.ot. w,lhtcoiiip:-ielyfoniiijdbl«io.lMin, ellipsoidal inasB. In a similar 

manner division into four is 
inaugnratod by tlic separation of the four liiast'imeres, which, hou'cver. soon lose 
their independence and completely fuse. Only in the Istvr stages do the blasto- 
meres become Independent. Another instance of such diatui'bsuce seems to be 
afforded by the peculiar typo of clcBvage observed by Maybk {No. E9) in 
Bupagiims Prideniixii [Fig. 51). Here the Erst cleavBgo- nucleus divides into 

* According to Dr. Bbauer's more recent researches, carried on since the 
above was written, the process in Sranchipia seems to be somowhat diSerent, 
inasmuch as the last stage, which was regarded as showing sugierficial cleavage 
(Fig. GO D), has in reality psssed into the stage of the foiiuation of the gemi- 
' s, and the cleavage-cavity has become liUed by the immigration of entodenn 
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two, four, and aiglit nnclei withont Mpuntion of tlio indiriilual lilastomeriis ; 
the cleavage of the egg, viiich ia >t first complete, takiug place onlf >rtcr these 
preliniinary divUious of the uui^leua. From the suitwu-oell aUge unwards tlie 
«gg Lhen fo11ow« the gaperficist method or ugmentstioD. 

Becides tbe formB already iDentianed [Braaciiifia, Atyephypii, Eitpagunu), 
tlie following CnwtaBoan eggs Iwlong to tliU type of cleavage r—(l) Tbosmamcr 
egga of many Clsdocera (Polyphemus and ByOuAr^ha, according to WKiniANK 
aud IsCHlKAWA, No. fl, the latter form having a blastocoele). (2) The eggs of 
the Oetrocoda [Cypria rrplam, Weiskakh and Iuchikawa, No. 6). (S) The tggii 
of the free-living Copvpuda (Clavs, Nob, 18 and 19, Eoek, No. 22 ; f'ctediilta, 
Gkobbks, Ko. 31 ; VelothUiis and Barjiaakus, Van Bkkbdbv and Bessbls, 
No. 2). (4) C'honiiniatiUliiis among the parasitic Copepoda (Van Benedrn 
and BzsBGLH, No. 2), most of the Amphi[ioda (Uij'amk, No. TG ; Pbrbtas- 
LAWEEWA and Romcjskaya, No9. 70 la 73). From tlie ohecrvationa of 
La Vai.btte St. Geoboe (No. 77), Van Bb.xede» and Bbsselb (Nos. 1 and 2), 
there appealed ti> lie a considerable difference in the methods of cleavage of the 
different sptvica of Gammanu. O. loeuala vru aaid to belong to the type under 
conaideration, but the (reali water Bpecies (O yiUei aud Jtumattla} to the type 
here ranked as third Dclla Vallb (No 7fl), however, in confirmation of 
the older oliaeri aliotia of Le^phi has proted tlint in the Intter cases also 




No. IS) mav \<o^ 
aibly belong to 
thia type. ],„„, j, ,uko i.tilivtaiw, inm two etlK (i. Hip Bi)j«re«llalui> 

This type of divided into two. C. Ihc iainesn«rdt>1mon iuM ronr. 

cleavage aUo, 

perhaps, iuvliides the Cirripcdia, whose first stages of development seem to 
fallov a fairly simple course. In Biilanm (Lank, No. 2S ; Uoek, No. 27; 
Kassosow, Nos. 13 ami 29; Nl-ksdauu, Nos, 30 and 31) the cleavage appears 
to be total, bnt somewhat unequal (Fig. 52). iu uhich case ne should have 
an example of unequal ele»vsj{e in the CrUBtacea. Tbe somewhat elongated egg 
hu one pole i-onnded and the other pointed. By the first cleavage, which takes 
place horiEontalty or aoiueuhat obliquely, tlie egg breaks up into two dissimilar 
Hpbetes; the one near the rounded, t.E., the Alture anterior pole, consistinR 
entirely of foruiative yolk (a), yields the ectoderm, while that near the pointed 
or poeterior pole (i), whitli is rich in food-yolk, yields the rfeinuuta of the 
mesoderm and entodenu. The next division takes place in tlie ectodenu- 
spbere aud leads to the formation of a cap-like maaa of cells (Fig. G2 B, C), 
wliieh gradually grow ronnd the sphere containing food-yolk (Fig. GO A, h). 
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? has Ymen deaiMilied as cjiibolic gnatnilatiou (Lang), but 
it mUBt Htiil He conaidered doubtful whether this is the con-ect interpretatiou. 
Acoocding to Nassokow'b drawinga (No. 13), it appears that wlien the fomiatian 
of the blastoderni it completed, oell-elenienta aiv ejected by tlie central fcx)d-yolk 
aphere iilao, and l)HComB massed more superBcialiy near the point last affected 
by the circuiucreaceucc of the hiaatodemi (blastopore, Lano, Nashohow). Even 
this may, jierhajis, ba ouly a modification of a primarily complete and later 
superficial cleavage. The gastrula-stBige would have to be sought later, when 
a nnall depression of the surface appears (Fig. 59 B, Up, p. 120} at the aboTS- 
mentioned point, and a eimultaneous immigration of the entoderm-celli (en) 
into the mass of food-yolk takes place. This method of fomiatiou of blastoderm 
would belong to that order of superficial cleavage in which the blasKKierni 
originally appears as a disc, but would be distinguished from the typical 
examples of that method by the fact that the point at which the disc appeara 
here lies appoeiU to the bhutopore, while in other cases the two poiiils agree iu 
position [cf. p. US).* 




Cleavage takes place somewhat dilferently in Saccalina (Van Bekedesi, 
No. 95 ; Eussilahk). In this egg, the foimative and the nutritive yolk become 
separated only in the four-oolled stage wliich is reached by total and regular 
cleavage. We then hare four roicroniei'oa eousiating of formative yolk and four 
macromrrea consisting of food-yolh. Whilst the mioromeres increase by fission 
and cover the surface of the egg with a blastoderm -layer, tlio macromerw ftiee 
to form a simple ceutrsl mass of food-yolk. The cleavage of the yolk, which 

• [Acooiiling to Groom (No. I., App. to lAt. CirripedUi), the smaller of the 
two cells resulting from the fint cleavage, whiuh lie terms the first blastamere, 
forms only a portion of the ectoderm. The second blastomere is formed from 
the jolk, and the blastoderm is formed partially from the blastonierea already 
present, but largely also from fresh blastonieres {ineroeylta) yielded by the yolk. 
The first division consequently does not divide the efig into ectoderm and 
entoderm, hut siniply into a macromere (yolk-cell) and a niicromere, the latter 
being l>ut one of the future blaatomeres, of whjtdi the macromcre gives off a 
iiiunuer. He further coucludes tliat the gaatmla is formed b;^ cpiboly, and 
that there is no snperfldal cleavage during the later period of division. — Ed.] 



I 



CLEAVAOB AND FORMATION OF THB BLABTODEBH. 113 

has been observed liy KoasMANN, seems here »Uo to be a secondary process 
uucurring in tlie later sUges. As the cleavage of SaixuHna appears to belong to 
tbe Ty]>e II. 6, deflcribwl below, p. 115, it tonds to coufirm the view of the 
tleavage of Balaaii-t to which preference was given abose. 

Type m Ege:a with purely snpnrflcial cleavage. Id this 
type, the formative j'olk, from the very beginuing, baa no control 
over the mass of food'yolk. Tlie first cleavage- nucleus, lyiDg in 
ihe centre of the egg (Fig. 53 A), divides regularly into two, four, 
eight, etc., nuclei (Figs. S3 B-D and 54 A), which are eurrouiided 
by radtatti ntasses of itrotoplasin. The areas of the separate cells, 
however, do not hecome marked off by furrows cutting right through 
the egg, although, in a few cases, such furrows are indicated even 
in early stages as grooves on the surface (Fig. 53 E), The larger 
the nutnlwr of cleavage -nuclei becomes, the more do they shift 
towards the surface (Figs. 53 D and 64 B), and a regular btoetoderm 
is formed in the same way as that described under Type L (Fig. 
53 F-H). 
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(lie di^i vat'i; nuclei snil a cofrenpoadingly wiiy •urfticij. 

Tbe pnM'e»jcs here described as taking place within the egg, i.e., the division 
or tlie cleavagc-niicU'i and the shifting apart of the radiate islands of protoplaani 
which mrronnd them hare often been called cleavage.. Indeed, these islands 
of protoplasm iiave even lieen named deavage-ath, whicb then apjiear in a 
certain contradistinction to the masses of food-yolk. In so far, however, as 
we regard the ichoU eyy as the e<[uivalent ofa cell, and the two, four, eight, etc., 
separate apjici'es produced by its total cleavage as cells, it Ja evident that ve 
onght not to Douaidei' these protoplasmic Islands, which are designated " clearage- 
oells," as fully eqnivalent to blaatomeres. They represent merely the centres 
of blaatomeres, whose areas, owing to the absence of furrows, liave not been 
demarcated. In the GrsC stages of anperScial cleavage, the egg is on the level 
of a multinucleate cell. This view is supported by the frequently ohsvrved fact 
that the so-called " oleavage-cella " are connected together by a retioDluni of 
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fine protoplasmic procraaea. If, therefore, vts underatand by cleavngs here, 
as elsewhere, the act of marking off sepanitfl cell areas, it follows tliat Ihf term 
luperfieiat iJeamg^ is applicable to ibe present tjpe, aince cleavAge actually 
occurs Lera only in tbe auperfioial parts of tlie eRg. 

This type of sejonentation is also very oominon anioiig the Cnislaceo. It 
is foand in tlie following egga : — (1) In the summer eijgi of niauj Cladocera 
(Moiwt, Daphnia, Sida, Leptodora, Daphnella, Wkisxakn and Ibcbikawa, 
No. fl), and in all winUr igns [itoina, Daphnia, Sidn, Bi/lAotrfphti, roli/pfiemut, 
Zepladora, Weismank and Isuhikawa, No. 16), There ia thus among the 
Cladocera a group of fomiB {Bylholnpha, PolyphtmM). the summer (ggs of 
wliiuli belong in tlicir cleavage to Tyi>e II., while the winter eggs belong to 
Tjpo III. (2) In the eggs of several Isopoda {AMllut,' Van IlifNeuBN, No. 7fi; 
PorceUio, Ekihhahd {No, 91} and Bodi-b (No. 92). This type of cleavage 
may, perhaps, be more common among the Isopoda than has hitherto been 
thought (3) In the egga of Petutetu {IIaeckel, No. 47), Calliana»ta tub- 
Urranea (MBKEacHKOWsKi, No. 80), /tslacus {Moucn, No. B1), Homaru* 
(Hbiibick, No. 60a). 
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It is very important, in the formation of tlie blastoderm which 
follows the Bupei'fiuial cleavage, to distingaish clearly two subsidiary 
methods : 

(o) Tlte formation of tlte blasloderm lafeee place all ovei' the mr/aee 
eimulianeornhj, e.g., in Astacw, Branehipua, and tlie free-living 
Cope pod a. 

* According to more r«cent stateuienta by RotiLE (No. 92], which are not 
very clear, it appears as if the cleavage of AkUus were at first total snd only 
later auperficial. Vah Bekbhen, on the contrary (No. 79), emphasises the Gwt 
that at first a mere increaae iu the number of nnclei witbJu the yolk takes place, 
that these nnclei bocJime distributed later at the surface of the egg, and tltat it ia 
at the Burrace tliat the limitation of their areas occurs, while nearer the centre 
the mass of yo1k remains unfnrrowed. In this case, the egg of Aseliia nndonbt- 
edly belongs to Type III. 
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{!') The lloff-oderm develops fint oii the ventral fide of the eyg. 
lis formation begins at one point on the surface and pi'Oceetls 
gradunily from this point, which always represents the future ventral 
side of the e^; in the Docapoda the point dpnotes tho moat poaterior 
«nd of the ventral eide, or the spot at which, later, the gastrula 
invagination appears. This has been observed in Palaemon and 
Eriphia, in which the formation of the blaatoderm is completed 
over the whole aurface of the egg and closed on the dorsal side, only 
when the rudiments of the embryo are already to be seen on the 
ventral side. 

Tlieso modilicatiaus in the forniation of the blutixlenii are found botli in 
Type II. aod T^po III., and Ilnia result in four stibeiilitiry metliods of cle«v*ge, 
wllicli dewrve detailed description : 

Type Il.a. The cleavage is at fint total, and latar auporfitial, Iwing foUowBd 
l>; the BJinnlUneons fonnation of the blutoderm all over the surface ; BTOtuhipui, 
free-liviDg Copepoda, sniuniei' cgga of Polypheiaaf and Bytholrtphea, Eupagurui. 

Type Jl.b. The cleavnge is at lirst total, later Bii|ierlieial, the l)la8todorm 
<)evi;loping JirsE oti the ventral side. This method is excMdingly common 
among the Anipbijwda. As, io this tnelhod, the cells on the future ventral side 
divide more rapidly, and there is in this region an early separation of the 
lilasloderm-cclla from the food-yolli, a coosiderahte diflerenue is found Iwtu'ecn 
the cells of the ventral side and the large cells of the future dorsal side n-hich 
alioimd in jo!k. It is evident that this ^p of cleavage, which is tten iu 
various Amphipoda (especially iu Gammariii loaiila, according to Van Benk»ex 
and Brssels, No. 2), greatly resemliles in its lirst stages total, unequal cleavage. 
An important distinction, however, arises from the fact that in this case the 
])ole at which the araall cells are found Iielongs to the vegetative half, that 
portion of the aurfaoe at which, later, the formation of entoderm takes place, 
while the larger oells belong more to the animal region (the latrr dorsal side). 
In any case the two axes here coDi|iBred (that passing through the animal and 
vegetative poles, and that from the small-celled to the large-celled pole] Ho not 
appear to coincide, but to cross each other obliijuely (ef, below, p. 112). 

Type III. a. The cleavage is purely siijieriicial, the siiliseqneiit formation of 
lilastodernj taking plao« all over the siirfaee simultaneously ; many Decapoda 
iPetuieut, Aflarut, C'ltllinnaisa), all the winter eggs and many summer eggs 
of the Cladocera. 

Tj/pe Ill.b, The cleavage is purely siiperficini, the blastodemi develniijng 
first on the ventral side of the egg. In this case a few of the mimerous 
-elements to he found within the yolk first sliift to a deliiiite point at the aurfaee. 
there to be transformed into blasCudenii -cells. Thete thus arises a small 
blastoderm -disc, eorresponding in position to the future ventral side of the egg : 
this disc graduidly increases in size, new elements from within the yolk con- 
atanlly rising to its periphery and becoming clianged into hiastodenn-cells. 
This nietliud of cleavi^fe conseijiientty strongly resemhies the diicoida] cleavage 
lo lie desorihwi presently. The diatinetion between the two tyi>ca consists in 
the fact that in Type Ill.b, the increase of the blastoderm is due to the accession 
«r new elements from the inner portion of the egg, while in true diseoidal 
<:leavage(IV.), the increase takes place exniusivoly by the division of the el amenta 
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alrtnidy present in tlie bloatodcmi-dist'. It is jirolialile tliat these two types have 
been coohiBed one witJi the other, since in nianj cases in wliicli the oceiuronce 
of discoidal elearage in Crustacea has been nmiutained, the observations were 
not confirmed by tlia systematic exajiiination of aections. It thererore appesis 
probable to lis that most parasitic CopeiHxla, to which Van Benbdeh and 
Rkssels (No. 2) ascnbi>d discoidal cleavage, in reality develop according t» 
Type III. ft. The same is possibly the case witli the laopoda [Ojiisciw, Ligia*), 
for which discoidal segmentation van asserted by BonitETZKY (No. SO] and Vah 
Beneden {No. 1). ^Ve are, indeed, justified in raising the question whether 
true discoidal cleavage ever occurs in the Crustacea, and whether more careful 
examination might not lead tii the complete absorption of Type IV. in 
Type III. ft. Among the Decapoda also there are some represeotaUves of this 
last type, such as Houinnia, Eriphin, and perhaps also Fdtnanon. It is jiossibU, 
however, that the last-uanie't genua, on account of the total (!) cleavage that 
takes place in the first stages, should, like Jly/^yrn, be assigned to Tyiie Il.i. 

Type IV. Eggs with discoidal cleavage. In the types of 
cleavage wliich wb huve so far oonsidereJ, two ptoteasea go on 
side by aide Himultaneouaiy, viz., (1) the increase of the elements, 
and (2) the se]iBratiou of the lilostoineres from the food-yolk {i.e., 
the separation of the plastic portion of the egg from the nuttitive). 
In the blaatula stage, which finally resnlts iu Types II. and III., we 
then find a superficial layer of epithelium and au inner nioas of 
food-yolk, in whicb, as a rule, no cell.nutlei or other plaatic eletuenls 
are still to he found. If we now imagine this process of separation 
between the blaatonieres and the food-yolk to be shifted back to the 
earliest stagea, we obtain an explanation of diacoidal cleavage, as it 
has been observed in My»ia (Van Bsnedbn, No. 37 ; NDsaAtrJi, 
Nos. 38 and 39) and Cama (No. 35), as well as in some other 
forms, t Here tlie very first cleavage-cell becomes entirely separated 
from the food-yolk, on the surface of which it comes to lie. The 
food-yolk from this time onward contains no more cleavage-nuclei. 
The formation of the blastoderm begins with the euperficially placed 
cleavage-nucleua, which divides (Fig. S6 A), and thus yields a cap of 
blaatonieres (Fig. 56 B) ; these increase in numlier by continual 
lUviaion, and gradually grow over the whole surface of the sphere, 
of food-yolk, Tiie atarling-point in the formation of the blaatoderm 
here correaponda to the spot where, later, gastrulation takes place 
(posterior end of the ventral aide of the embryo), wliile the blasto- 
derm is finally completed on the dorsal side. At (his ventral 
starting-point of the blastoderm there is from the first a thicker 

* Quito recently NtTHBADH has again maintained tlie presence of discoidal 
clearage in Ligia (No. SGn). 

t tBoiTTCHitiaKr [Zo^. Ana., ii., 1897, p. 21B) describes a discoidal seg- 
mentation in A'«ft<i/{(i.— Ed.] 
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deposit of cells, which are here deeper and form a rouiiiled thicken- 
ing (germinal disc). 

Not only the egga or ilytU and Cmiiu, but those of several Isopoda ore said 
to ahow tbia type of segiuen lation (Onunu, according to Borxetzkt, Ko. 60, 
Liffia, according to Van Benedbk, No. 1}. It is also laid by Vak Bbkisek 
ADd Bessels (No. 2) l« occur in maoj paraeUk Copcpoda. {Anc/tOTtBa, Caligtii, 
Clavella, Lcmaea, Lemiuopoda, Bnuhitlla, etc.). It must, howcTer, be eon- 
mdored jirobflble that the greater number of thoso cases really belong to 
Typo III. ft. This view is supported by the oliserrations of Boutchinsky 
(Nov 3Ta], who, according to tlie plates given in his Russian treatise, observed 
a simple superficial cleavage in Paradopsia eoTHVta. Our retention for the 
present of tliE discoidal type of cleavage for the Crustacea is due entirely to 
NuttBAUM's recent description of Ligia oaaniai, according to nbich a type of 
s^nientation agi-eeing with that given above for MysU actually occurs (No. eSa). 

The type of discoidal cleavage here described abons some superficial resem- 
blance to that kind of dtscoidiil cleavage which, in msny groups of animals («.?., 
Cephalopoda), is developed from a total, unequal cleavage. Closer examiiiBtioii 
reveals, however, that nbat we are noiv 
considering is a ptmlUir praccaa of dig- a 

cotfial dtvflof%ne-nt of lilt germ, which 
has evidently developed indejeudently 
among the Crustacea out of a sujierficial 
type of segmentation. For where dis- 
coidal cleavuge has developed out of 
totll, unequal cleavage, we find tbat the 
pole of formation of the genu -disc 
coTTespouds to tlic animal pole, its 
l^adually out-spreading edge to the 
bhistopore, and the jJug of yolk to 
the vegetative pole of the egg. Here, 
however, in the discoidal cleavage of 
the Crustacea, it is ijilite otherwise. 
The formative polo of the gcmiinal 
disc correspoHde to the ventral side of 
the embryo, aud all oltservations point 
to the fact that here also the formation 
of the germ-layers commences, and the 
important but somewhat obscured process 
of gastrulation. The circumcrcacence 
of the food-yolk hero proceeds from the ventral to the dorsal side, and has 
evidently in this case nothing to do with gastrulation, since we should otherwise 
be compelled to assume, in Crustacea with discoidal cleavage, a blastopore 
closing dorsally, which would be in contradiction to the conditions found in 
other Crustacea. 

By the above considerations we are led to regard the discoidal cleavage of the 
CrnslACea as nii extreme case of that type of cleavage described above aa 
Type Ill.i. In the discoidal method, the formation of blastoderm at the ]iole 
where it originates is carried out so early, that its rudiment originally consists 
of a single blastoderm -cell, which, by subsequent successive division, yields the 
whole blastoderm. 




MO eella have 



118 CRUSTACEA. 

If we consider the variatioDa fouud in tlie diflcreiit [ilauos of orgniiiBatioit 
ftluoDt; tlie Vertehrata, ve tin'9 a nertain eloment of Himilaritj bttweea the 
discoidal oleavngi^ of tiiese latter sud of tbe Ci'tiataoea iu the fact tlist in both 
cases a deposit of food-;oIk on one side of the principal axis tabes place, and 
detenuiliea the peculiar type of ilevelopment. In thoee Vertebratea Is which 
discoidal cleavage occurs, the doraal aide of the body Ukea the lend in develop- 
metit, ivhile the ventral side is hindered in its development bj the accunitilBtioit 
of food-)'olk. The blastopoie is bere shifted to tbe dorsal aide. In those 
Crustacea in which discoidal segaioiitatioii is found, on the contrary, the 
radimcnla of tbe ventral aide appear first, anH tbe liIaBto]>ore takes up a ventnl 
position corree|ionding witb the plan of organisation of the group. In this 
caae, tbe dorsal side of tbe boily is influenced in tts <levclopnient bj the 
Bccuniulation of (ood-yolk. 

In many Cruataceo, when the formation of the blastoderm is 
complete, a cuticle is accreted nt the surfoce of the blastoilerm cells. 
We follow Vak Bbneubk (No. 79) in calling this membrane the 
hlagtodermtr nutide (cuticula hlaatodermiea). Its appearance can 
only be explained by a process of ccdysis shifted back to an early 
embryonic period. Similar mcnibraneB are given off by the eggs 
of the Arachnids and of Limu/u". 

The fomiatian of a bla^itodemiie cuticle i^ to be observed specially among 
the Malacostraca, It has, however, also been seen in the pai'aaJtic Copopoda 
(Vah Bbnbdkh, No. 17}. In the Malacoatraua it is very [.'ommon, being found 
in JVebaiia (Vak Bknrdf.n, No. 79), tbe Gniiacea (H, Blanc, No. SB), in many 
Decapods (LEBEBuLLLEr, No. 58, and Kkicbbnbach, Nob. 64 and S5, ronnd 
it in Aibieiia; P. HAyEK, No. 59, in Eupaguria; BouuETZKy, No. 41, in 
Falaemmi Y.iiiaa\xv, No. E3, and Van Bkkkue\, No. 79, in CrangoH; 
DOHRH, in Fortuniis), in the Aniphipoda (Van Beneden and Bebselb, No. S, 
in Qananamt lacuila; Van Benedkn, No. 79, in Cnprella; Uuanin, Na 75, 
Ordititia); Anally, in the Isopoda (Van Brnedeij, No. 79, in AteUta; 
BoBHKTzicv, No. SO, in OnUcua). Fnrther, it has been observed by Dobbk 
in Tanaia. 

The formation of this blastodermic cuticle ia, in many Cruataceana, 
followed by other ecdyaea in later embryonic stages. Tliis is eapeci- 
ally the case whero the development ia abbreviated, i.e., where many 
of the stages of developntent are shifted Iwck into embryonic life. 
The eutidcG formed during these ecdyses are usually distinguished 
by swellings corresponding to the rudiments of l!ie limbs. These 
membranes are called larval integuments. 



As there is considerable variatiou in tbe time of appearance of all these 
CQticular menihranes, it is often difficult, in single cases, to distinguish between 
the actual egg-inlegumeut, the hlostodemiic cuticle, and the larval integumenti 
which appear later, and to eatahlish with exactitnde tbe homology of the special 
eutieular structure in each individiul case. There can, however, be no donbt 
that the cuticle very common among the Artbrostraca, and observed in Ligia 
by F. MCLLEft [No, 4], and further, the integument developed in MysU and 
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the Decapodii after tho coniiiletion of the A'aitpliiia stage ore equiraUnt Id 
larval intugiituGiita (Van Brnbdem', No. 70). In tlie Decapodn, s sBcond XbtviI 
integuiuent is often devcloixd in latar stages ; this surroiiniis the hatching 
Zoaea, and nas asauiutjd b; Cohn to be the cuticle of the Fralmoaea stage. 
In Ancharella and Ltniaa^)oda (Vas BeNBbBN, No, 17), the Hmbrjo moults 
three times during the wane of its devDlDpiiient : (]) When the blutodemiia 
ctiticle is formed, (2) when the Kaiiplius cuticle develojia, and (3) during the 
transition to the Cff^i>p» stage. Oou&H baa bestowed special atlention on 
the subject of larval integuments in his vnrious works (tf. his treatise on the 
larral integumunt of the Oumacea, of TanaU, and on the t/aupliu* stage in 
the egg or BaphTiia longispitia). On aecoont of the great varietj preiBiling 
among the Crustacea, and the uncertainty in the identilicatian of the cuticles 
iu the differeut tascs, wc should be overstepping the limils of this fork were 
we to enter ii]xin all the cases illastratiag this point 

The peculiar processes which were observed in the winter eggs of manj 
Cladocera by Wkismahn and Ibchikawa {No. 16], and described as para- 
apulalion, syncliionise with the phenomena of cleavage. Here, after the 
ejection of tbe polar Imdiea and subscijuent lerti]isation, there is found a body 
resembling a nucleus surrounded with an accumulation of protoplasm ; this 
ia called the topulatiim-all. During the first division of the cleavage-uucleus, 
fay which the purely snperGcial segoieatation of the tyiw (III.) ia introduced, 
the copulatioU'Cell remains apparently passive near the vegetative pole of the 
egg : it, however, soon approaelies one of the nuclei which result from the 
division and becomes completely fused with it. The further fate of the cleavage. 
nucleus thus entering into paracopuletion has not been traced. TIib view that 
it is destined to yield the genital rudiments is a mere assumption. The co[iu- 
UCion-cell apjiears Drat at the time of the formation of the egg. When the 
latter is maturing in the ovary, chromatin particles are ejected from tlie germinal 
vesicle ; these unite to rami the nucleus of tbe copniation-cell, which, at a later 
stage, becomes ^irronnded by a mass of protoplasm, probably arising from the 
eell-body. So far no hyjiothesis has been formed as to the significance of 
tlie processes of [laracopulation. The origin of the copulatiou'cvll recalls tbe 
i^cction of cliromatin particles by the germinal veaicle oloerved by StDHLhamn 
and Blochmann in the eggs of insects. Similar processes have also been noted 
in the maturing egga of Myriopoda (Baldiani) and Antiicru (LevoIO) and 
in other groups of animals. 

3. The Foimation of the Oerm-layers. 
A. Oopepoda. 

Among all the Crustacea, so far as our present knowledge of their 
ontogeny enabk's ua to judge, the Copepoda most closely resemble 
the Annelida in their development. In them we have an invagi- 
nation -gastniln and the formation of the mesoderm through the 
eeparation of two i>rimitive mesoderm -cells. The formation of the 
germinal layers in the Copepoda was made known by the researches 
of Grobben t^'o. 21), HoEK (No. 22), and Urbanowicz (Nos. 23 
and 24). We have utilised the minute observations of the first 
of these writers in the account of Cetoehiltu here giyep. 
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Cetocldliis, like raoat free-living Copepoda, belongs to our eeconil 
type of cleavnge. At first the cleavage is total, in later stagee 
superficial (c/. p. 109). Ab early as the thirty-two-cell stage, the 
transition to the actual blaatula- stage commences, the first histo- 
logical diflerentintton in the different germinal layers becoming 
perceptible. At this stage there is found a small segmentation- 
cavity in which the food-yolk is deposited, and into which the polar 
bodies also find their way. A similar immigration of the polar 
bodies was noticed by Wbishann and Ischikawa (No. ( 
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summer eggs of Byihotrephe». It is probable that the small cell 
obaerred by UaBASOwicz in the cleavage-cavity of Ci/di^>ii is also 
to be referred to the polar bodies. 

If we examine the vegetative pole at the thirty -two-cell stage of 
C'etochilus, a decidedly bilateral arrangement of the blastomeroa can 
be recognised (Fig, 57 A). We find two cells, a larger one (en), 
distinguished by the coarse granulation of its protoplasm, and a 
smaller anterior cell (un). These two celts lie in the median plane, 
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and ot a later stage yield exclusively entoderm- elements. They are 
distinguished as the ceiiiral (en) and the anterior (vn) eniodemi-eelU. 
Tlie four blastomerea {lateral cells) situated symmetrically on each 
aide of these two, yield, by future divieioD, both entodermal and 
ectodermal elements. The cleavage-sphere («), which lies behind 
the central entoderm- cells, also appears to be of importance. This 
divides later into four elements, two larger anterior cells representing 
the primitive memderm-eeUe (Fig. 57 B, tan), while two posterior 
cells become ectodermal elements. 

Fig. 57 B shows us the central entoderm-cell (en) divided to form 
two blostomeres; the lateral entoderm -elements («n) have also 
become distinct by the division of the lateral cells. We thus have 
the rudiment of the entoderm consisting of seven cells, behind 
which lie the two primitive mesoderm-cells (wm). The immigration 
of the mesoderm elements towards the centre of the embryo next 
takes place. The primitive mesodcrm-cella yield hy division two 
laterally placed elements (Fig. 57 C, m and nm), and these four 
mesoderm-cells (of which the two median cells are to be considered 
as the pole-celis of tbe lateral mesodermal band) shift into the 
segmentation-cavity (Fig. 57 C). Soon after this there occurs 
the invagination of the entodermal elements {en), by which Uie 
gagtrula-etage is reached (Fig. 57 C). The blastopore, a longitudinal 
fissure (Fig. 57 D), now closes from before backward, and the ento- 
tlerm which has sunk inwards thus becomes a closed vesicle. It 
appears that the blastopore corresponds in position to the future 
ventral side of the embryo. If so, the part that closes latest would 
lie in the neighbourhood of the future anal aperture. 

The stomodaeum and the pioctodaeum, according to the researches 
of Urqanowicz in connection with Cijdop», arise as ectodermal 
invaginations, the former appearing during embryonic development, 
while the latter develops only in the earliest larval stage. They 
both become connected with the archenteric vesicle. 

The gaatnila-BtagG in the Copepoda ww first investigatdd and Jeacribed by 

Tlie stateiuGDta made hy UrbamowicZ t% to the formattou of the genu-layera 
in Cyelapt do not agree with Grobbrn's views. In Cgclopa there is, at tirst, only 
one entodem-cell which sinks inn'arda, the blastopore closing ilxn'e it ; this cell 
then yields by division tlie whole entodermal rudiment. A meaeaaiiyme next 
Arises by the abstriction □rectodemiB.l elements, this mesencliynie giving rise to 
most of the mesodermal atnicturea of the A'aupliut, while the actual mesodeim 
is a later, secondary atvtictnre, jirobahly originating from the entoderm and 
yielding exclusively the mraoderm-band. When, however, we take into con- 
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aidoration the fiiot tint roiiDd the I'cntra! entodtmi-ceH in CctoekUun there lit' 
elements which divide into ectodermal and cntodermal elementa, it appeals 
pOHihle tliBt Urbanowioz has takon this procoaa Tor the fonuatiou or the 
meaenchyme. 

The later fate of the uiesodenu in the Co]>epoila has not yet beeit 
clearly made out. It appears, however, that iU elements, in the 
segments of the Naupliu» stage, become divided more irregularly^ 
after the manner of a mesenchyme, and very soon become grouped 
as the organs of the Nauplim. Certain cells come to lie along the 
intestine, and give rise to its musculature, others form the muaclea of 
the limbs, or unite to form the ontennal gland. The body-cavity 
hero exhibits the character of a pseudocoele. In the posterior part, 
of the body of the larva, which yields the remaining and greater 
number of body-segnieuts, on the contrary, a true paired meaodetni- 
band is developed; in this, according to UitsiNOwicz (Xo. 23) and. 
FKiTacH (No. 20), the rudiments of true coelomic vesiclee appear. 
The most anterior pair of these vesicles represents the maxillary 
aegment. The dissepiments between the consecutive coelomic vesicles^ 
which Ghobbbn also (No 21) appears to have observed in the 
abdomen of Getoehiiut, disappear in the later stages, whereas a 
dorsal and a ventral mesentery are said to persist throughout life- 
(FniTscH). The dorsal mesentery is attached to the back by tlie 
separation of its two halves, thus leaving a median dorsal Binu» 
which must be regarded as a remnant of the blastocoele and as the 
homologue of the cardiac cavity. This dorsal sinus is connected with 
the anterior portion of the body-cavity, which develops as a pseudo- 
coele. Even in early stages, when the mosoderm-band is still short, 
one large cell can be distinguished from the rest; this ia the genital 
cell, which develops on each side into the rudiment of the genital 
glands. [Cf. Hackkr (App. to Lit., Copepoda, No. I.)] 

The food-yolk, iu Cetoc/iilus, is present in small quantities, and 
is of little importance. In the eggs of the parasitic Copepoda, in 
wliich it ia plentiful, it api^ars, according to Van Be.nedbn, that the 
cells of the entoderm at first migrate into the yolk and take it up 
into themselves, thus bringing about the appearance of a secosdary 
segmentation of the yolk. At a later stage, however, the eella 
again rise to the surface of the mass of food-yolk, there forming an 
epithelium which l>ecoiues the wait of the mid-gut (Fig. 73 C, en, 
p. H8). The latter thus finally surrounds the remains of the 
food-yolk decreased by gradual absorption (e/. below the foriDation 
of the meaenteron in the Cirripedia, pp. 126, 174). 
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B. Phyllopoda. 

The formation of the gerni-layera in the Phyllopoda is best known 
in the case of the sumnier eggs of Moina, one of the Cladoceta, 
which have been closely investigated by Gbobbbk (No, 11), There 
is considerable resemblance between the processes here and those 
already described in connection witli Celochilut. We must not, 
however, lose sight of the fact that two factors in the development 
of the eggs of MotTia have brought about a diflerenco : (1) The 
nourishment by means of the blood-plasnia transuding into tlie 
brood-cavity, which jirobably leads to secondary diminution of 
the food-yolk (in Cetochilvs aUo the yolk seems to be secondarily 
diminished, although from other causes), and (2) the paedoparihet 



tjeneaU, which is counecte 
distinct genital celL 

Cleavage bete, as in mc 
rf. p. 113). As early f 
blastomeres at the s 

s of food-yolk. As i 



vith the precocious develo]>iuent of o 



it Ciadooera, is purely superficial (Type III., 
3 the thirty-two-celled stage ive find the 
B fairly sharply marked off from the central 
L CetoehUui, at the vegetative pole of the 
ega certain differentiations appear which accompany the formation 
of the germ-layers. In this region are found those rudiments which, 
at a later stage (after a certain amount of displacement), lie at the 
ventral surface of the embryo. There is here a central richly- 
granular cell, which may be called the ijenilal cell (Fig. 58, g), and 
from which, later, the i>aired genital rudiment arises. Itehind this 
lies a cell represented in the act of division, which as the entoderm- 
eell (en) represents the rudiment of the wliole entoderm. At a 
somewhat later stage, these two rudiments have, by division, become 
multicellular. An area composed of numerous entoderm -cells 
(Fig. 68 B, en) can tlien be distinguished, and, anteriorly to this, 
four genital cells (ff). Around the latter are a number of cells 
representing the rudiment of the mesoderm {>iu). All the remaining 
cells now form the eclodemi. 

Even at this stage the rudiment of the mesoderm has a tendency 
to migrate inwards below the genital cells (Fig. 58 B). In later 
stages, this process is completed (Fig. 58 C, m»). The mesoderm 
now lies entirely within the embryo, and at the same time the 
entodermal area becomes invaginated, the gaetmla stage being thus 
reached (Fig. 58 C). 

Soon after the raouth of the gastrula has completely closed, the 
eight genital cells, produced by division from the four above- 



mentioned, shift inwards and lie upon tlie entoderm (cf. below, 
Fig. 72 A, g, p. 147). Ghobbkn liolda that the point at which the 
blaatopoto closes corresponds to the future oesophageal invagination. 
It would, however, be more in agreement with the conditions met 
with in other Crustacea, especially in the Decapoda, if we might 
assume that it lay in the neighbourhood of the future anal aperture. 
While the embryo lengthens, the NaupUus limbs grow out and 
the rudiment of the brain becomes distinct at the anterior end of 
the dorsal surface as an ectodermal thickening (neural ptale, Fig. 
72 A, p. 117); the rudiments of the internal organs also undei^o 
corresponding development. The entoderm (en) develops into a 
cylindrical body, the cells of which, iu cross section, apiiear radially 
arranged ; no lumen is, however, at first to be seen. The stomodaeum 
and proctodaeum (Fig. 72 B, m, af) arise as ectodermal invaginations ; 
the former is distinct even in the Navpliw, the latter only at a 
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later stage. They become connected with the rudiment of the 
mid-gut. The me-soderm (ms) has spread over the whole ventral 
surface and has extended anteriorly until it conies to underlie the 
neural plate. It is situated on either aide of the rudimentary 
intestine and is bilaterally symmetrical ; there is, however, no 
complete separation of the two [jarts of the mesoderm-band. The 
genital rudiment divides to form a paired mass of cells lying on 
either side of the intestinal canol. 

The food-yolk originally lies in the primary body-cavi^. It is 
absorbed in proportion as the inner organs fill that cavity. In later 
stages, a few cells separate from the mesoderm and penetrate the 
food-yolk. They then come to lie on the dorsal side of the embryo 
and become the fat-body in the adult. 
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It would bo inlorcaCiiig to loam aomethinx uf the fomiution of the mid-giit. 
■ud or the pul here played b; the food-jolk in the eggs of tbos« CIsdoo«ni ot 
Bi'BDchinporls io whioh it aboands. Mmna ia u striking exception lo the rule 
iu being poor in jolk. In young Branchip\ii krvao all the tinsucs, oven the 
ectoderm, appear to be [wmieated with graniilea of food-yolk (cf. Claeb, 
No. B). 

In Daphnia similin, according to tlie recent rcBearvlies of Leiibdikhkv 
(No. 11a), a blastodenu, of equal tbicknesa throughout &ud completely coTering 
the egg, is first fomied by superticial uleavage, Tliii only tbiukena later at 
points where the cells become elongated in tlie region of tlic cephalic lobe and 
on the ventral side of the egg. The fonuation of the germinal layers ie com- 
menced by the appearance of k very aballow depression (blastoiiora), from which 
point inuuigratiou of amoeboid cells into the yoik takes place. The latter 
roprcaent the nieao-entodomi. While the mesoderm -cells become arrnngcd into 
two symnietrica! bands running forwards from the blastopore (niesodonu -bands), 
the entoderm fornjs a solid strand, in which a cavity develops at a later stige. 
Not all the entoderm -cells, however, take ]>art in the fonnstion of tliis mid-gut 
straud. "A few of them form a covering to the food-yolk, and give rise to 
two large symmetrically-placed provisional hepatic vesicles." (!) 

In Moina, the breaking-up of the mesoderm into somites and 
the development of n true coelom has not been observed. In the 
Branchiopoda, where the formation of the genn-loyera is not yet 
known, we must fall back on ob.se rvatioiie recorded in connection 
with the larval stages of Artemia and Bru7ichijiu«. In the earliest 
Natiplii of Arlemia, there is, according to the figures of Nassonow 
(No, 13), a temporary development of paired coelomic vesicles. In 
Braaehiinw, on the contrary, whose youngest or MetanaupUus stage 
has been carefully investigated by Cuus (No, 9), the process is 
different. Here the mesoderm in the region of the actual Naupliua 
segments and of Ibe terminal segment has already become modilied 
for the formation of organs, and has attained definite histological 
differentiation. The same ia the case with the splanchnic layer 
along the whole of the alimentary canal (Fig. 88 A, gp, p. 179). 
In those segments which are interposed between the mandibular 
and the terminal segment, and are found ia the act of appearing, 
the somatic layer bears a more embryonic stump. ]t ia here 
arranged in paired mesoderm-bands, whose cells appear to be seg- 
mentally arranged in a definite manner. This arrangement is due 
merely to a regular grouping of the mesoderm-cells, which to some 
extent recalls the arrangement described below (p. 137) in connection 
with the Isopoda. In the most posterior regions of the body, the 
niesoderm-baiida are united to form a plate lying below the int«stine, 
and here is found the budding zone, from which proceeds the 
formation of new segments. Gbobbbk thought himself justified in 
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a§suramg that two cells lying behind this budding zone, al the edge 
nearest the terminal segment, were primitive mesoderm-cells ; but 
CtACB proved that theae cells, of which there are two on each side, 
in the stages hitherto examined, do not take jiart in the pro- 
duction of mesodermal elements. The moat striking peculiarity in 
Dranckipue appears to be the early development of the splanchnic 
mesoblast forming the intcRtinnl muscles. 

C. Oinipedia. 
After thfi blaslodcrin is fully formed [rf. \>. Ill), tha embrjo of Balriniis 
consista of IL layer of ct'llH {ectodenu) oomplctelj covering tlia suifaco of u 
central masa of food-yolk [Fig. fiB B). Near tlio ]W9tenor pole of the egg, 
where an insignificant depretaion (W, the Ijlastoporc) la perceptible, the bUato- 
derm connista of several layers. The deeper layers represent the mdinient of 
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the entoderm {eii) and tlie mesoderm (iiu). From this point the mesodermal 
elenients are diatrilinted along the Tentral side of the egg (Fig. 59 O in the 
farm of a ayniinetrical mesodermal |>laU, the ectoderm lieing correspoiidinglj 
thickened, so that in tliis way a ventral thickening of the superficial layers of 
the embryo resembling a gemi-bBud arises. The elcmt^nts of the entcxienn, on 
the contrary, are now evenly distributed throngli tha food-yolk (Fig. 6B C, en) ; 
then, by a gccondarj- oleavage of the yolk, the formation of definite cell-areas is 
brouglit abont ■ Finally the nuclei of the yolk -laden entoderm -spheres shift to 
the surface ta form tlie epithelium of the mid-gut, whose cavity ansea bj the 
ahsorptiou of the food-yolk (c/. Iwlow, p. i;i). Tlie details of all tlieae processes 
are still far from clear. Nassokow'h t«xt being in Russian, it was only possible 
Co gather tlie most important [loints from the figures. It aptienrs thai the blu- 
to|nre correa|iuiidii in i>osition to the future anal aperture. These sUges of 
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•iGTelopiiieDt should be TiirtlieT studied in Ndj^sbaum's recent trestisen (N09. 30 
and 31 ), which, in the impiirtont [Njinta, agrea with tbo deficrijrtion here given. 
According to NirsssArit. the anlfiior clettTHgc- sphere prixlni^ed by the lirnt 
dirUiOD yields b cup of cells irbich entirely grows round the second cleavage- 
sphere. When this cironmrrescence is nearly completed, djviaiou of cells begiiu 
actively iu the superficial layer near the pointed pole of the egg. where a 
gftstmla-iuragiiuktion now fonuB. The layer fomied ^ly this invagination, and 
which is now turned inward, starting from the pointed pole on one side, grows 
round the itrnpr (food-yolk) sphere towards the htiiot pole. "In the meantime 
this inner sphere (or the second lower cleavage-apheni) has also divided, and 
continues to divide ; bat it is certain tliat the inner byer of cells of the gastnila 
are not fonuod from the cells deriired from the inner or lower cleavage -sphere." 
According to Npssbaum, the anterior cleavage -aphon' would tbns yield not only 
the ectoderm, bnt the entoderm as well. The opposition between liis view ftnd 
that of Nassonoiv is, liowever, lessened, if wa way asaunio that the superSoisl 
layer of cells does not arise exclusively from tlie diviiioQ of the anterior 
clekvage-sphere, but that other elements derived hy niicromci'e -formation from 
the posterior sphere also take part iu it.* The latter would then play the same 
{■art as tiie central mass of food-yolk in otitur Crustacean eggs that have super- 
ficial cleavage. 

The distribntion of the mesodermal elements iu the Inter emhryonic stagM, as 
well as iu the young NoMplius stages of the Cirripedia sjijieBrs to be irregular. 
Okobiies (No. SI), however, foand in tlie posterior jwrt of the hody of .fiuxultna 
and fiolriniu a fen- large cells, evidently caught in the act of proliferating, 
armngeii on each side as a short niesoderm-lmnd. 

D. Decapods^ 
The Tery primitive iiivaginntion-gastriila of Lw:ifef, which lieveloiis 
from a coeioWastuia, lina already been described (p. 108) and figured 
(Fig. 49 C—ff. Brooks, Nob. 42 and 43). UnforUinat^'Iy the stages 
which (^oimect this (^-astrula with the Nau^iliiis have not been 
investigated. 

Tlie development of the egg of Lucifer is characterised; [1} lly the small 
qiuutity of rood-3-oIk which st lirst apjtears equally distributed in the blasto- 
meres, (2) by the very regular course of the cleavage and the development 
of a comparatively large blastocoele, (3) by the development of au invagination- 
gastnila. The arebenteron thus arising has at its apex four epherss rifli in 
food-yolk \ these spheres have been constricted olT from the neighbouring 
cutoderm-cells, and their significance is as yet undeUrmined. Bbookm conuders 
tliem to be restigial yolk -pyramids, which would correspond to the primary 
pyramids of AUncui and Palneiiwn. The form which resembles Ltici/cr most 
closely is perliaps Pttiaeus, inasmuch as the mid-gut here also develojia direct 
from the primary invagination— archeuteron (Hakckel, No. 47). 

Aniong the other Deenpoda, a comparatively primitive poaition 
is occupied by Autocue, whose developmout has been made known 
chiefly by the researches of Bobbetzkt (No. 41) and Rbichbhdach 

• [See Groom, App, to Lit., Cirripedia I., and footnote, p. 112). 



(Nns. 64 nnd G!>). Its primitive character is shown by the fact 
that the cells of the gaatrula-invagioation retain their original con- 
nection, so that the archenteric vesicle persistfi as such until its 
transformation into the mid-gut, even although the aliuuilant food- 
yolk here already somewhat modifies the development. 

In Aataeun, the hlastoderm arises through purely superficial 
cleavage (Morin, Xo. 61). After the cleavage-nuclei have become 
arranged at the surface of the egg, the food-yolk which represent* 
the separate cleavage-cella breaks up into the so-called primary or 
Ralhke's yolk-pyramids (Fig. 55, p. 114), a spherical central moss 
remaining unaf- 
fected by this 
process of cleavage 
\ef. above, p. 109). 
After the separa- 
tion of the blasto- 
detm-eellfi from 
the food-yolk and 
the complete de- 
velopment of the 




blaatodc] 



, the 



primary yolk- 
pyramids again 
fuse. At this 
stage, the ludi- 
ment of the em- 
bryo is percep- 
tible on the ven- 
tral side of the 

■linn-diKi K, cephoUc Io1)«j< with ttae rucliiuent q[ tfaii eyea: ,. • , 

_, ,. ■ K., , „j, , eeg as a thicken- 

ing of the hlaato- 
derm, in which the rudiment of the future germ-band is visible. 
There are originally five distinct thickenings (Fig. 60) in connection 
with this rudiment, vit — the two optic lohea (A"), the two thoraco- 
abdominal rudimenle (TA), and an unjtaired thickening behind 
these, the entoderm-disc (^S), which in the next stage, by invagi- 
nation, yields the archenteric vesicle (Fig. 61). The invs^nation 
of this disc is inaugurated by the appearance of a crescentic furrow 
enclosing ite anterior edge ; this soon becomes a circular furrow 
by the development of a posterior portion. In consequence of this, 
the central portion of the entoderm-disc, which has sunk below 



J 



the surface, projects for it time in the furni of a small mound into • 
the lumen of the nrchenteric vesicle {entodermal ntouiid. Fig. 62, elt). 
Kven before the process of invagination begins, active proliferation 
of cells takes place at the anterior edge of the entoderm-diso (Fig. 
60, SM) ; in thia way a number of colls are produced which shift 
below the blastoderm (Fi^. 61 and 62, me*). These form the 
first rudiment of the mesmlerm, which thus, in Aetacia, has its 
origin at a definite point on the anterior margin of the blastopore, 
where the ectoderm passes into the entoderm. 

Aft«r the invagination of the gastrula is completed, the blastopore 
closes at a point correspond- 
ing to the most posterior 
portion of the embryonic 
rudiment. According to 
Reichenbach, this lies 
somewhat behind the spot 
at which the ectodermal 
proctodaeal invagination 
will arise later, 

The arch enteric vesicle 
which results from the in- 
vagination is at first small 
in relation to the size of 
the egg. Its cells increase 
in size later by absorbing 
food-yolk (Fig, 63 A, m), 
which is deposited in each 
individual entoilerm-cell in 
such a manner that the 
nucleus and the principal 
mass of protoplasm come 

to lie on the outer surface of the arehenteric vesicle. This absorp- 
tion of food-yolfc takes place most actively at the dorsal and lateral 
parts of the arehenteric vesicle, the ventral wall, which is in closer 
contact with t)ie other embryonic rudiments, taking a smaller share 
in this process (Fig. 63). Finally, the entire mass of food-yolk is 
absorbed by the entoderm -eel Is. These latter consequently swell 
into exceedingly large and columnar elements, arranged radially, 
and form the so-called Kerondnnj ijoik-pyramids. This arehenteric 
veaiele, the surface of which, in later sti^s, becomes divided into 
lobes, gives rise to the definitive mid-gut and liver (mid-gut gland) 
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of Aflficus. Tlie outer portions of the entoderm-collp, i.e., the nuclei 
and protoplasmic portione of the cells, increase in number, separate 
from their inner yolk-bearing poi'tions, the yolk-pyramids, and come 
into contact with each other, thus forming the mid-^'ut epithelium, 
while the secondary yolk-pyramids break up and form a mass of 
yolk now situated within the archenteron, which is later re-absorbed 
(e/., for the development of the mid-gut, p. 174). 

A rcDULrkable nrrnngeDivnt of tbn rudinient of tlie Tuid-gnt iu tlio egn of 
jlaiaetit, whicb u'oa not noticed by Hobretzkt and Reicheiibacii, and there- 



fore mngt be regnrded oa of only occasinnB! 



has bepu brought t 
light by SCBIM- 




Fm. S2.~1I»1Uii lutigllodliul KflUoti tliroiiBb tha guitmli >Uge c 
JmUcui jlatMaU (iftir Reichuiucb). iI, rood-yolk; ic. rcU 



miH-giit 4 lecond 
vtiiulc coungtiDg 
of eclU. This 

tbo st^ge vhicli 
preoede* the clos- 
ing of the gOB- 
truU - niotith, is 
divided dIT by a 
process of deUuiii- 
nation from the 
entodemi-eells : in later atogeB it aeema to he aliaorbed. Schimkbwitsch 
comparee it with tboae inner cells of tbo geini of the mid-giit gland in 
Patatman, which do not rise to the surface to foi-tii the epithelium, bnt 
eveatualty hrrah up iu the interior of the gut (c/'. beloir, p. ISl). 

The moat characteristic feature in the development of the mid-gut 
o! Aetaeus is that the food-yolk, which originally lies outside the 
gastnila-vesicle and fills the cleavage-cavity, is later absorlwd by 
the wall of the entoderm- vesicle, and finally, in the development of 
the mid-gut, reaches its lumen. All other Uecapoda that have been 
investigated differ from Attaeiia in the fact that the cells of the 
entoderm- vesicle lose their epithelial character, and become scattered 
through the yolk as wandering cells, and only at a later stage again 
unite at the surface of tlie yolk to form the epithelium of the 
mid-gut In these forms, the lumen of the original entoderm- vesicle 
disappears ; the hepatic ruduaent is solid as long as the entodemi- 
cells are distributed in the yolk, aud the lumen of the 
arises only when, later, its contained yolk becomes broki 
absorbed. 



k 



mid-gut 
I up and 




«lemeiite 
which, 

later Stnce, '""'"' J'"'-^""' l"^' B-tiunh.™). a. sectlnn Ihn 

iying on the th» umboUlory Umb. h»v« fomeil. d, foai-iolk ; ip. s 

germ oanu, ^_ rndHu.ut or Ui= v^tr.! eh^.i «f giugii. : i.. ™dta« 
represent the 
mesoderm, 
while the ento- 

ilerm-cells arising from the floor of the vesicle (en) pass into the 
yolk, traTereiDg it like wandering cellp, and increasing in nuniher 
within iL Each of these entoderm-cells swallows in an amoeba-like 
r the surrounding food-yolk, so that the whole of the yolk 
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lireaks up Ijy an apptirent secondary clenvage (the so-called cleavage 
of the yolk) into spheres, each of which represeuta an entodeim- 
coll ; theae epheres arc a honiologuo of the secondary yolk-pyramida 
of Aetacua. In later etages, the nuclei, each with a certain amount 
of protoplasm, rise to the surface of theae yolk-pyramids, and there 
form an epitlieliuui, which representa the wall of the mid^t 
{Fig. 64 C), and which here, as in Aetar-Wf, contftina within it the 
food-yolk. Another group of the entoderm-cells, however, seems to 
tjike no part in the formation of the mid-gut, hut, remaining within 
the yolk, shares ita fate in becoming broken up and finally re-abaorbed. 
Tlicse cells must be consideied as the homologue of the vitellophags 
to be described later {p. 134) in connection with Mysis (ef. olaa 
BoBHBTZKY, No. 80). 
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In Uamarut, (Kcordiug tu Hebrick (Nos. 50 aud 6Dii), in [ibco of the 
ilirsginitc gutrulu, theru ia & quite sIiDiIIqiv dcpreiHion, atJirtiDg rroiu nhich & 
solid vredga-liko growtli of cells (the kee!) passes into the yolk. The c«l!« 
derived from this ingrowth simn absorb tho jolk-eUnieDts, 

Tho immigi-ation or amoeboid entoderm -cells into the food-jolk, and tho 
roniistioa of tlio cpithi'liiim at the mid-gut at the surface of the latter appears, 
in luanj cases, to he carried out in tho nianner nlrendy dcicrihcd. Tho relation 
of the waDderinjt entoderm- cells to the food-yolk varies, however, in indiridnal 
cases. Thus, oceonling to P. Maveb (No. SB), iu Eupngvrut, after tho immigia- 
tion of tlie entodertual elemenla, the food-yolk undoubtedly breaks up into a, 
number of irregaUr portions and undergoes a kind of re-arrangerment, atthoogh 



DECAPOD A. 133 

the entoderm-celU <io not here Mnitaiii those uiiaseB of food-yolk, kit oceupy 
the iDterreoing spaces. The same U perhaps the cose in Atyejihgra ([bchikawa, 
No. fil). Ill Craiiffon and Aliiheiu, on the contrary, uotbiug in an; nay 
resembling the Becondnrj alenvage of the yolk is apparently to be found 
<EiNnHLE7, No. 53, and Hrurick, No. 49). 

In all these casea, the formation of the genn-layera begins with the develop- 
ment of a gastnila. Some recent researclies hy LEDEDlKtiKV [No. E7) as to the 
formation of the germ-layers of a Brachjuran, Eriphia ipini/Voiu, aeem to tw to 
require farther explanation. Here also Uiete is a gostrata-inTiigiuatioii, from 
the inner portion of which the entoderm -cells that immigrate into the yolk 
proceed, while, from the lateral walla of the vesicle, the mesoderm protiferates. 
Ifevertheless, even before the development of this invagination, a separation 
into three layers lying one above the other, and corresponding to the three 
germ-layers, could already be made out in the miUtilaminar gemi-disc. Further, 
the estoderm of the germ-band is said to give olT mesodermal elements along its 
whole inner surfaue by tlie diviaion of its cells. The entoilerm-cells scattered in 
the food-yolk liually rise to its surface and there become arranged to form tlie 
\rall of the mid-giiL At the same time, however, the food-yulk breaks up into 
colnmnar masses corresponding to the sejiarate cell-areas, so that here also, at a 
lale stage, secondary yolk-pyramids are developed. 

The meaoderm arises in Asiaeus (BoBttBTZKT, ^o. 41, and 
Rbichbnbach, Nos. 64 and 65) and in Eupaguntt (Mater, No. 69) 
from a definite point at tbe anterior ninrgin of tbe blastopore 
(Figs. 60, BM, and 63, mes). Other authors have less definitely 
nsaigiied its origin to the neighbourhood of the blastopore (Kinoslev, 
No. 53, for Cratigon, Habokel, No. 47, for Penaeug), or to the 
lateral walla of the arehenteron (Bobrbtzky for Paiaemon, No. 41, 
and Lebedinsev for Eriphia, No. 57). The first rudiment of the 
mesoderm is always multicellular. Its cells, which rapidly increase 
by division, spread out apparently in an irregular manner between 
the ectoderm of the germ-band and the food-yolk (Fig. 63, vi). 
Only iu a few stages is the distribution of the mesodermal elements 
into paired mesoderm-banda iierceptihle. The indications of its 
division into segments is equally slight. In A^tacut, a grouping 
of the mesodemial elements into paired segmental ly -arranged 
coelomic vesicles was found by RsicHEKfiACH only in the abdomen 
at quit« a late stage, when the abdominal limbs had already begun to 
form. In the anterior region of the body, coelomic vesicles evidently 
do not develop, the hody-cavity at this part having the character of 
a pseudocode. 

Besides the usual meaodevmal cells, Reiuhekbach found, in the mesodermal 
mdiraent, ainaller cells whose protoplasm exhibited a jietiiliar foam-like structure 
[Fig, 62, m, and Fig. S2 A, tm, p. ISl), and which contained several very small 
deeply staining nnclei. These, wliich wei^ deRned by him as elements of the 
Mcondmy meiioiicrm, are said to oiiRiiiate by n process of endogenous cell- 
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fommtiiin* in tho eutodcrm-wlln of tlie teptnt! wall or tha gastni la- vesicle. 
These aeoondarj mevxlerni -cells disappear later, and RRirHstiBAi'a licldc tlint 
they are transformed into lilood-oorpusclpn. A similiir secondary niesodemi baa 
b«ti obaeryed by Iscbikawa in Alycphym, and by Lbbbbinsky in Briphiu, 
and further by HehkR'K in Alpliruf aud Moinarua. 



£. ScMzopoda. 

The formation of the gL'rra-liiyers in the Schiiopoda ia beat illus- 
trated by the observations of J. Ndsbaum on Myeis chamaeleo (Nos, 
38 and 39). Cleavage ia here discoidal (c/. p. 116). Tiie firet 
cleavage-nuclena attains an entirely superficial position, and yieldt>. 
by division, a rounded germ-ilisc, corresponding in position to the 
ventral siJe of the egg and the later posterior end of the body. 
Even from the earliest stngea, the germ-disc can ba seen to be 
eoniposeJ of two layers. The more superficial of these two layers 
spreuds out more and more, finally covering the whole egg as a 
delicate blastoderm, while tbe cells of the inner layer pass into 
the food-yolk, beeoaie distributed within it, and are an essential 
factor in its disintegration, eugidfitig the yolk and digesting it like 
amoebae. These so-called vildlophagi are commonly said to take 
no part in the later formation of the embryo ; it is, however, possible 
that, at a later stage, they form blood-corpuscles. 

After the complete development of the blastoderm, the position 
of the former germ-disc is still indicated by a thickening which 
soon differentiates into three lobes. Two lateral lobes grow out 
anteriorly to form the lateral paired halves of tbe germ-band, while 
the unpaired, median and somewhat posterior lobe must be con- 
sidered as the caudal or aMomiiial rudiment (Fig. 77 A, p. 153). 
In this latter region, below a transverse furrow which must donbtlesa 
be referred to an ingrowing cautlal fold, the entoderm arises by 
delamination from the cells of tbe inner layer. The mesoderm, on 
the contrary, is said to arise from the ectoderm along the whole 
length of the jraired lateral halves of the gerni-T)and, either by the 
division of individual hiastomcres, the inner portions of which shift 
into the niesoderm-layer, or else fay the immigration of complete 
blastomeres. In the Nauplius stage, the ntesoderm-Iayer thus formed 
shows not only a distinct arrangement into paired mesoderm-bands, 
but a division of the same into separate segments; the formation 
of coelomic sacs, on the other hand, has never been observed. 

* [Kecent ruataruU on cell-diiision liaH shown that most of tlic cues in which 
eelU are said to urise by endogcnona call-formBtiHn cun be differently interpreted. 
The whole theory nf eudogeuoua cell -formation ia indeed very improbable. — ED-J 
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Assuming tint tl e foregoing observations are eorrert, the most 
Btnkmg feat ire in the Jevelopment of Myeig, apart from the absence 
of the gaatriila m\ agination *■ is the relation of the entoderm to the 
fiodyolk The miluiieut of the entoderm here remains in close 
cDnnection nith the gprm band (Figs. 65, en, /, and 66, l\ and doen 
not enter into anj clo'ier relations to the food-yolk, except at the 
close of devel \ iient when it grows round the yolk to form 




tancl I rad ment of iha uvw the meseateron. The disinteBratiou of 

md muullble og ntd nent of Che , , , , , , 

opuc gungiioii. the food-yolk la hare not achieved by 

the actual entoderm- cells, but by the 
vitellophags above mentioned. We are none the lesa led by a. 
comparison with Aaiacws and Falaemon to sec, in both these 
elements, constituent parts of the entoderm. Even in Aglaeus, it 
was evident that the cells of the ventral wall of the entoderni- 
vesicle took little part in the assimilation of the food-yolk. From 
this region, especially from the point lying immediately upon the 
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blind end of the Lind-gnt (Fig. 03 B, ej)), the development of the 
delinitiTe wall of the mid-gut proceeds in the Decapoda, (<-/. below, 
p. 174). In Palaemon, on the other hand, it was observed that 
not all the entodenn-cella to be found in the food-yolk rise to its 
surface, to take part in the formation of the epithelium of the 
mid-gut, but that individual cells remain within the yolk and are 
later absorbed. We thtis see here the beginning of a differentiation 
of the entoderm into two parts, a plastic portion taking port liiter 
in the development of the mesenteron and a transitory portion, the 
cells of which function solely as vitellopbags. A similar condition 
of the entoderm will be found rejwatedly in other animals, eai>ecia]ly 
among the Insecta. 
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F. Arthrofltrac& and Oumacea. 

NuBBAnii'B observations on the development of the Myndae are 
closely connected with his studies of Litjia oceanica (No. S.^a), and 
afford to a certain extent a key to the comprehension of the formation 
of the germ-layers in the former group. Here also, after the 
development of the blastoderm is completed, a thickening is found 
corresponding to the future ventral side; this is the tferm-iUee, 
which soon shows signs of breaking up into three parts (Fig. 67). 
The two anterior paired portions represent the areas of formation 
of the mesoderm (Fig. 67, m), while the posterior unpaired 
thickening (en), in which, especially at the centre, very active 
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ingrowth of cells takea place, yields the elemeute of the entoderm 
{cf. the croBB sections, Fig. 68 A aod B), The processes here revealed 
are easily connei'ted with the type of gerra-Iayer formation found in 
Aitams. The posterior nopaired formative rone of Ligia ia com- 
parable with the entodermal area {Fig. 60, ES) in Aslaeug, which 
becomes invaginated later, und anteriorly to which is found the zone 
of fonnation of the mesoderm {BM). The latter, in AstaciM also, 
according to Rkichbsbach, sjiows, even in early etagea, a distinct 
bilateral symmetry iu the diBtribiition of its elements. In LUfia, 
these are found distributed in two paired areas of formation corre- 
sponding with the two halves of the later germ-band. In what way 
the formation of the actual germ-band out of these zones proceeds is 
not known in detail. We may, however, assume that the elements 
of the mesoderm shift anteriorly below the ectoderm, and that the 
part of the ectoderm tying above them thickens. In any case, later 
stages of Liijifi and Cym/dhoa afford a distinct proof that the zone 
of formation of the mesoderm just described must be considered as 
answering to the posterior end of the future germ-band. For, in the 
NaupUus stage of Li<jia (Fig. 69), behind the third pair of limbs (S), 
and situated anteriorly to the rudiment of the anal a)>orture (a), 
there is found a formative zone (A) for the posterior end of the body 
which develops in tiiis region. This formative zone already consists 
of two layers (ectoderm and mesoderm), the cells of which, by 
division, have yielded a transverse row of large formative cells lying 
posteriorly in front of the anal aperture (a) ; the arrangement of 
these cells into transverse and longitudinal rows, both iu the 
ectoderm an<l the mesodeini, ia exceedingly regular. According 
to Patten (Qu-irl. Journ. Micro. Sci., Vol. xxxi., 1890, p. 371), in 
each of the transverse rows on either side, in Cijmothon, He four 
mesoderm- eel Is (Fig. 70, ms), by whose increase in number in the 
anterior and more advanced segment-rudiments, the mesoderm of 
the whole segment is developed, in such a way that the descendants 
of the three lateral cells become connected, while the fourth more 
medianly placed cell unites with the corresponding eel! of the other 
half of the body to form a common complex. This unusually regular 
arrangement of the cell-material in the developing segments of the 
posterior pmrt of the body, recalls the very similar conditions observed 
by Clatjs in the same region of the embryo of Braiichipiis. On the 
other hand, the arrangement of the mesoderm-cells in a longitudinal 
row running forwards through all the segments, calls for comparison 
with conditions observed in the Oligochaeta by Wilson, and more 



tTceiiLlj l)j Bbkgh {\ ol i,p 294, note) The sj iiiraetrinl growtl* 
of the mesoilenn banda appears, however, to prove that in Ligia and 
Ci/inoflioi, the tuo oFiginel formntiTe zones of the mesoderm 
Lorrespond in position to the posterior end of the future ^trni band 
We may therefore suggest that this is tlie case in Mt/'-M also, and 
that th«i tvo lateral lobes of the germ-disc iibo\c mentioned anawer 
to the paired zone of formation of the nieeodcmi In this lase we 
might assume that the entire mesoderm of the germ liand arises by 
proliferation which starts from this formative zone, aiil not, as 
husBAUM assumes fur Mysia, by a kind of delaminalion from the 
inner surface of the ectoderm of the germ band 
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In Li'jia and in the Isopoda generally, there ia only a small 
number of yolk-cells, which play the same part as those of Mgrna, 
These separate in early stages from the lower layer of the embryonic 
rudiment, wander into the yolk, as vilellophags take part in its 
disintegration, and finally disappear. The actual entoderm doe» 
not hetu pass into the yolk, but forms a paired mass of cells, which 
remains in close connection with the germ-bond and soon becomes 
arranged in two halves (Fig. G9, A). As to the way in which tha 
future mid-gut is formed out of tliese rudiments, Kpsbaum's account 
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is not very dear. The two rudiments unite in tliu imleriot part of 
the embryo, and tliere form the wall of the niid-gul ; two channel- 
like processes iilso grow out posteriorly ; these are open end concave 
towards the yolk, and convex externally, and are closely applied to 
the germ-band ; they are the rudiments of the primary hepatic tube?, 
which only at a later stage divide into four by longitudinal eonstrie- 
tion. The rudiment of the mid-gut is covered posteriorly and 
dtirsally by the mass of yolk. This latter, as the enloderm-ceJls 
increase in ntimlier by division, Iwcontes completely Burrounded by 
the epithelium of the mid-gut, and in this wiiy this niiliment which, 
in the younger stages, was ojwn dorsally, Incomes gradually closed. 
1 lie mid-gut rudiment in Ligia, as in Porcellw, is fairly large, 
whereas in Oniscvt it seems to be limited to the hepatic outgrowths 
and the parts of the intestine lying immediately adjacent to their 
openings. 

The method of fnnnation nt the germ-UyErs mliitli Iim Iwen deacribed by 
Ndsbaum for Ligia may, perhaps, be fairly conuaon nmong the Isopoda, 
although onr knowledge of tht'ae [irooosea it attU too iiicotupk'te to euablr 
ns to form a decided opinion od the subject. One of tlie fnmis in wliiuh ihe 
origii] of tbe germ-layers u liest known in Onitcai. Hei'e ulsn Ihe blutwIenLi 
U said (BoDaRrzKr, Ko. 60) la arise hy discoiilal cleaiiigc, although, jwrhapa, It 
may belong to our Type Ill.i (p. IIB).* That repon of the surfiiw at which the 
lilsBtodorui fint appears is here also, u in Mysis and Ligia, indicated, at a later 
elage, by a raanded thickeoiug, the genti'disc. This norroiponds irith tbe future 
Tentni! surface of the embryo, and yields the gcmi-l-Hud. The formatioii of 
tliG gtrm-laycrs (as in Liijia, hut without previous demarcation of the meso- 
dermal and entodernial arca») is commenced by an immigration of cells at the 
centre of the germ-disc. The gaatrula-invaginntiou is here replaced by a simple 
ingrowth of cells, hy means of nhich the gerni-diiic becomes multilarainar. 
While its outer layer is transformed into tlie ectoderm of tbe genu-lAod, the 
inuer layer yields tbe mesodrnm and the cmtoderm. Bobretkky (No. 80), 
to whom we owe the first comprehensiVB description of the devolopment of 
Onwnts, observed that fhim the iuuer layer aiDgle cells wautler into the fooil- 
yolk, traverse it, and by increasing in number within it, bring about by a 
kind of secondary cleavage the dhiiutegratioii of the yolk (Fig. 71, hy). These 
cells are uid to represent the entoderm, and later, like the cells in the yolk 
of Palaemon, to give rise to the mid-gut (especially to the liver). The cells 
of the intermediate layer which i^maiu close to the germ-disc are, on the 
eonttaty, said to represent tbe mesoderm (Fig. 71, m). NrsBAt'u has recently 

* This view is also in agreement with the obaervuttons of Rol'le (No. 92), 
■Ithougb these latter are far from clear. According to this author, a superficial 
layer ofcells forms in PoittUio; this increases by the addition of new protoplasmic 
elements from the yolk. The nuclei in this layer of cells are, however, said to 
arise spontaneously. This binstoderni, which Kori.E calls an ectoderm, first 
appears In the anterior part of the embryo, spreads baclc from here o 



r the 



L 



no 

oyiiosHil thia viow (No, 85), luaiiitoiuing that tlie yolk-celU, nliioh, further. 
immigrate aot merely from the germ-diac, hut Trom thu nliole circle uf the lilw- 
todern], take no part in the further struetnre of the embryo, hul merely Fiinotiai], 
an in llijuis >ud Ligia, oa vilelUiphagi. According tn Nusdacu, the actual 
ectoderm in OnUem originally lies, united with the eUmt^nht of the meaodcnn. 
in the inner layer of the germ-disc, aoou, however, liecoming arranged into 
tnro Uteral maasca of cells, which fiue and form the raid-gut rudiment, oa well 
ae the hopatiD diverticula (Fig. 71 B, li). In Onixia, the two primary liepatic 
iliverticuls leem to develop before tlie mid-gut ; a band-like eiitodemi-rudiBHmt 
Hlarta from the cell-mueea atiove meDtioned, and bends round on each nde to 
form A he|)atic diverticulum ; tbeae two unite at a later stage, when a ahort 
mid-gut devclopi. In Poreellio, on tlie contrary, aoeording to Seinhard 
(No. Bl), the mid-gut forms before tbe hepatic diverticula become marked 
oif. The two primary hepatic diverticula divide later into four by longitudinal 
coDBtriction. It should be noted that the mid-gut in OnUaii, as generally 
in the higher Crustacea, ia restrieted to a very short tiaet uear the openings of 




Pio. 71.— TwolofiHituainal iMtioiii through thfl embryo of OiiiiiMuiii'irari«i(att*r BfmKiTXET. 
from BiLFOiifl'* Trtt-hmlH. A, yoauger, iJ, older ttage. da, ilornl organ; Aji. nwd-yolk 
wltb yolk-cella; M, lodJiiienl of the heart ; ft.Uver^ in, mb, niuoderni ; uf. ojipflr lip; 
pr. pn>ctodaeuiii ; 17, bnlu ; «(, itomodutuo \ pg, veutxal nerve-coni ; t}>. rudlmfrQt of ilae 
gaitilc tseUi. 

the bcpatio diverUcula, the larger portion of the alimentary canal arising from 
the stomodaeam and tlie proctodaeum. During these processes of development, 
the layer of mesoderm -cells spreads regularly below tbe lengthening gemi-buid, 
Slid enters into tlie rudimeuta of the limbs. It must he mentioned, however, 
that according to Wasiubff (sec Gbosolie, Nd. SI), the mesoderm, in Owciit, 
breaka up into somites. 

Considerahle agreement will he found in this dewriptiou of the formaliou 
of the |(erm-layera in Light and Oixixiis, which rests cliieHy on NrsBACM's 
observation*, a;id is aupported by Bullak'b work on C'limothoa (No. 81), 
and the results obtained by PsKBTAaLAWZRWA (Nos. 70 and 71) and Bus- 
BUSKAY* (Nos. 72 and 73) with the eggs of various AiophijKjda [Oammariu 
poicilumi, Orckestia, Caprctla, Snnaniji/tilhol, Amphitliot). The elements 
of the entoderm liere arise from an immigratian of se]«rBti.' blastomervi 
into the deei-er layers ; these, after dispersing temporarily in the food-yolk, 
soon become arranged into two lateral eutoderm-bands, which first appear tu 
the anterior [lart of the embryo and join to form the tube of the mid-gnL 
The primary hejatic diverlifula form as outgrowths of tbe niid-gut, the two 
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wmii diridiiig into fntir. The process in Caprella utid S'liiiuuijJiillioi ditfen 
in 90 far that, in these genera, the rndimejito of the hepatio tiil«8 become 
diETeren tinted befoie the ri'st of the mid-gut. In this respect the above forms 
Tcsemble Onitrus. Tlie nicModerm, on the contrary, is said to arise at a eom- 
parativelf late stage in the radimenU of Uie iadividosl limbs, bj n kind of 
d clam illation from the ectoderm (!). 

The Cumacea agree luoet nearly with the laopoda in the formation 
of the )^rm-layers, the position and form of the germ-band, and of 
the dorsal organ. In them, Jiseoidal cleavage gives rise first to 
a rounded disc, which gradually grows over the aurface of the 
egg. Before, however, the hlastoderni is completely formed, a pro- 
liferation of cells at the centre of the disc takes place, leading 
to a massing of the cells beneath the blastoderm. In these inner 
cells, two layers, mesoderm and entoderm, are soon discernible. 
These processes are very aimilur to those described by Bobrbtzkt 
for Onisetis. The two lower layers then spread along a band-like 
area on the ventral side of the egg, the area in this way developing 
into the embryonic rudiment or "germ-band." The latter is not 
confined to the ventral side, for its anterior and posterior ends soon 
spread over the dorsal parts of the egg. At the same lime a mass 
of cells, known as the "dorsal organ" (p. 150), develops on the doreal 
side. In all these ontogenetic processes the food-yolk apparently 
takes no active part. At first, also, no cell-elements are perceptible 
in the yolk, but after the germ-band has developed, isolated crescent- 
shaped cells, each enclosing a granule of yolk, appear within it. 
There are also quite isolated, large, finely granulated cells in the 
foi)d-yolk. These cells do not appear to assist in any way in the 
development of the mid-gut, and their function is still uncertain. 
In later stages (when the limbs develop) the food-yolk hns been 
observed to break up into large spheres (H. Ulakc, No. 35). 



a. General Considerations. 

We have first to consider the position of the blastopore. If, in 
this respect, we institute a comparison with allied groups of animals, 
esjiecially with the Annehda (see Vol. i., p. 265, the closing of the 
blastopore in Eupomaim), we should similarly be inclined to regard 
as the blast oporal region in the Crustacea the whole area lying 
between the mouth and the anal aperture. Such an esttension of 
its position is indicated, however, in the ontogeny of only a veiy 
few forms ; for example, in the fissure-like primitive mouth of 
Oetoehilus, which closes from before backwards (Grobben, p. 131), 
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and in the forward extension of the point of ingro^rth of t}ie 
entoderm in Li(fia (Fig. 67, p, 136), between the two meaoderm- 
germs. In hy far tlie greater number of cases, the observations mnde 
suggest that the blastopore corresponds in position to the posterior 
end of the germ-band, and perhaps to the anal aperture which forms 
later. We must here, however, bear in mind the extreme Bhortneaa 
of the first embryonic area (germ-disc) in many Crustacea, and 
imagine that as this short rudiment develojied to form the longer 
germ-band, elements which originally lay in the region of the closing 
blastopore came, through the changes in position that take place 
during growth, to lie more anteriorly, so that, perliaps, the blasto- 
jiore in the Crustacea ought to be regarded as having a greater 
extension forward than is usually claimed for it. 

If we consider that the position of the future posterior end of 
the body and the vegetative pale of the egg is indicated by the 
closing of the blastopore, we should then (taking into account 
the conditions in the Annelida) asHume for the position of the 
anterior end, the rudiment of which is distinctly indicated by tlie 
development of the cephalic lobes (optic lobes), the diametrically 
opposite point of the jwriphery of the egg. Such a position is 
only, however, approximately gained fay the cephalic lobes in a 
few cases (e.g., Molmt, Fig. 58 C, h, f, p. 124, and Celoehiliu). In 
eggs rich in yolk, the cephalic lobes and the blastopore belong to 
the same hemisphere of the egg, and lie more or less close to one 
another (see Fig. 61, p. 129, where the anterior end of the body is 
indicated by a star). It is thus evident that, within tiie egg, the 
rudiment of the future ventral surface ja much shorter than that 
(if the dorsal aide, or, in other words, the dorsal side of tlie 
embryo seems considerably swollen by the deiiosit of masses of 
food-yolk, and is correspondingly retarded in its development The 
fi>od-yolk sphere thus lies excentrically with relation to the longi- 
tudinal axis of the developing embryo, being shifted doreally. 
Comparison with the Vertebrata, where the blastojwre lies dorsally 
and the food-yolk shifts to the ventral side, is in many rettpecta 
instructive (p. 118). 

When we come to consider the manner in which the germ-layere 
develop, taking first the origin of tiic entodsim, we find that only a 
few forms, with eggs comparatively poor in yolk, sliow a primitive 
condition which can be compared directly to the methiid of develop- 
ment among the Annelida. Here again Ceturihiliu must be inentioned 
first, as showing an archenteric vesicle arising by invagination which, 
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after the blasUipore has cloaeil, probably beconica trail sfoniieii direi-t 
intiJ the rudiment of the mid-giit. Moiiia, and perhaps also Lucifer 
aud Penaeiis, stum to approach Oeiochilue in this respect. Ou the 
whole, the foriuation of the eutodenii hy invagination ie fairly eommon 
among the Cviistatea. In other cases — Arthrostruca, Mymiae, Cunia- 
tea, Cicripedia (?) — an invagination does not occur, the entoderm 
ap|iearing as a solid ingrowth of cells (Fig. 6S D, p. 136), 

Important and characteristic variations in the fate of the mass 
or eutoderm-cclls are to be found in the development of Crustacean 
ejigi riph in yolk. In those processes by which the rudiment of 
the mid-gut with its hepatic diverticula becomes differentiated, tlie 
Telation of the masses of food-yolk to this rudiment produces a 
marked influence. At the beginning of deveiopmenl, after the 
blastoderm has formed, the blastocoele appears filled with food-yollc. 
As a consequence, when gastrulation commences, the nutritive yolk 
lies outside the archenteric vesicle in the so-called primary coelom. 
Loiter, however, the rudiment of the mid-gut is, as a rule, developed 
in such a way tliat it contains within it the whole of tlie food-yolk. 
A change has thus taken place in the relative position of the 
rudiment of the entoderm and the yolk. This change may take 
place in three diflerent ways in the Crustacea, giving rise to tliree 
different types of development of the miJ-gut, which may be charac- 
terised AS follows : — 

I. Development of the mid-gat tbrongh the filtration of the 
food-yolk, ''.:/., iu A,<lacu» (Fig. 63, p. 131). Tlie food-yolk which 
lii'S in the primary toelora is gradually taken up into the entoderm- 
cells. When this process is completed, the secondary yolk-pyramids 
having developed, the nuclei of the entoderm -eel Is shift to the 
surface of the yolk, where, with the protoplasm surrounding them, 
they form the epithelium of the mid'gut, within which the whole 
mass of yolk is ultimately situated. The typical feature of this 
process is that the archent«ric cavity formed by invagination 
persists throughout development, the lumen of this vesicle passing 
into the himen of the future mid-gut. The entoderm -cells, further, 
never lose theit epithelial continuity. The food-yoik, originally 
lying outside the entoderm -vesicle, first enters the wall of this 
vesicle and finally passes into its lumen. This method of forma- 
tion of the mid-gut, of which Astanti is the only case known, 
appears to stand quite alone ; it is of all the greater interest as 
affording a key for the comprehension of the two other types of 
development. 





Hi 

n. Development of the mid-^t hj the iaterpenetrdtion of the 
food-yolk, e.g., Puhiemoit (Fig. 64, p. 132). TW cells cf the gastrula 
that nrise by invagination here very soon lose their eiiithelial con- 
tjtiuttv, the nrchenteric vesicle itaelf apparently disapi>earing in thia 
process. The entodetmnl elements, in the form of amoelxiid wandeiing 
cella, pass separately into the yolk and traverse it, finally becoming 
arranfjed at its surface to form the epitlieliuni of the mid-guL It 
is evident that in this case also the direction in which the cntoderm- 
cells move is the same as in Type T. The difference between the 
two types conaiste in the fact that in the type we are considering 
the wall of the archcnteron temporarily loses its continuity. So as 
to deduce this type fioiu the last, we should have to imagine that, 
in consequence of the small number of the entoderm-cella and the 
greater vohraie of the yolk, the intervals hetwten the entoderm-cells, 
as they shifted apart during the increase in siie of the arebenteron, 
became so great that the epithelium could not retain its continuity. 
The temporary independence of the entodermal wandering cells 
appears, however, to have afforded a aimpliS cation of the process 
of development, by means of which the couinienccment of immi- 
gration into the yolk was made possible at an earlier stage. This 
second type of development seems to be very common among the 
Crustacea. It is found in most Decapoda, and apparently also in 
the eggs of many Entomostraca which abound in yolk (those of 
the Cirripedia, Cojiepoda, Cladocera). We shall also tind it in 
many other groups of Arthropoda, e.g., Limuftis, the Araueae, etc 
During the process of wandering through tlie food-yolk, the scattered 
entoderm-cella frequently give rise to a secondary demarcation of 
the yolk into the cell-areas ; this has been called yolk-t^leavage, but 
has. of course, no connection with actnal cleavage, wliicb must be 
T'-yarded aa concluded when the blastoderm baa developed. 

in. Development of the mid-gut by circumcrescence of tbe 
food-yolk, e.;/., Myina and Ligla (Fig. 66, p. 135). Here, as in 
the preceding type, individual cells become sejiarated from the mass 
of ento<lerm-cells (which, in forms belonging to this type, always 
arises by solid ingrowth); these separated cell.i eiit«r the yolk and 
become scattered within it. They do not take any part in the later 
structure of the mid-gut ; as rifeUophagg they assimilate food-yolk 
and either become disintegrated later, or else, perhaps, ]>erBist as 
blood-corpuscles. The chief mass of entoderm -eel Is, however, does 
not join in this immigration, hut remains near its jdace of origin nt 
the surface of the yolk, and changes later into two paired, disc-ahajied 



layers of entoderm- culls, which lie Ijclow the gemi-lianiJ, anil, aa the 
colls increase in numlwr by divisioD, spread out gradually over the 
surface of the yolk until they completely surround it. The entoderm 
has here, as explained ou p. 136, divided into two parts, one plastic 
and the other transitory, We may further recall that in Typo II. 
also, not all the wandering cells scattered through the yolk came 
to the surface (p. 132) to take [>art in the formation of the mid-gut 
epithelium, but that some of them remained in the yolk and finally 
ilisintegrated. Such cells evidently correspond to the vitellophaga 
in this type. The actual key to the processes here described is to 
be found by a close esaminatiou of the method of development 
already described for Aelacits. We have shown (p. 129) that the 
cells of the entoderm- vesicle in Agtcteuii do not participate alike in 
the absorption of the food-yolk. Those of the dorsal half are most 
concerned in this process, wliile those of the ventral half are lesa 
affected hy the filtration of the yolk. It is from the latter cells, 
however, that the formation of the definite midgut at first proceeds. 
We find first, near the blind end of the proctoJaoum, a plate of 
entoderm- eel Is (Fig. 63 B, eft), which already shows the distinctive 
characters of the midgut epithelium, and has a certain tendency 
to overgrow the other unmodified ^parts ot the entoderm. A 
precisely similar entoderm -plate is also developed in Type II. 
{Fig. 61 C, qu), so that there also some of the entoderm-cells 
scattered in the yolk show greater plastic capacity than the rest 
We thus find here a beginning of a division of labour which is 
completely developed in Type III. (<•/ p. 136). To Type III. 
belong the Mysidae, the Arthrostraca, and the Cumacea (1). This 
type is found also in other divisions of the Arthropoda, modified 
in various ways ; it is mot with, for instance, in the Scorpionea and 
in the Insecta. 

Hesoderm. Only in the small egg of Oelochihu does the meso- 
derm arise from paired primitive mesoderm-cells. In most Crustacea 
the rudiment is from the first multicellular. Among the many 
accounts of the origin and position of the mesoderm in the various 
groupe of the Crustacea, its first appearance {in the Decapoda) at 
the anterior part of the lip of the blastopore may be regarded as 
a comparatively primitive process, from which it is possible to 
deduce the process described for Ligia (p. 13fi), and, through this 
form, perhaps, that in many other Crustacea. 

It is a striking fact that there is very little tendency in the cells 
of the mesoderm from the very first to form regular layers. Mere 
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imlicationa of an airangenieiit into a imired. band ami a seftmentaliiin 
of such a hiind can be found. Here again we are reminded of lArjia 
and Cymoihoa. Only a few slight observations are recorded ss to 
the appenranco of nietaiiieric coelom-sace ; theee hare already been 
alluded to (pp. 122, 133, and HO). As a rule, the body-cavity of 
the Cniatatea developa like a paeudocoele as a eysleni of irregular 
lacunar spaces within tbe mesoderm. The more these spaces extend, 
the greater must be the interval between the surface of the body 
and the mass of food-yolk enclosed by it. The cavity of the coelom 
is, as a rule, filled with fluid ; though it should be mentioned that 
NuSBAiJH found masses of food-yolk filling the spaces in the anterior 
part of tbe embryo of Mysia. 
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4. Development of the External Form of the Body, 
A. Entomostraca. 

Lt Entoniostraca whose eggs are poor in yolk, the embryos oft«R 
hatch at an early ontogenetic stage (as NaupUi) ; here the form 
of the larval (Nauplius) body evolves very gradually from the 
spherical shape of the e^. As the e^' lengthens, the Ixiundaries 
of the separate segments of the Naiiplius Iwdy appear as transverse 
constrictions, while the limbs arise as outgrowtlis of the surface of 
the body (Fig. 72 A), in which both the ectoderm and the subjacent 
cell-mass of tbe meaodemi take part. These processes are to be 
observed in the embryos of Branehipwi, free-living Cojiepodft and 
Cirripedia, and also in certain Cladoceran embryos distinguished by 
the paucity of food-yolk (Moina, Gbobbss, Fig. 72). In the embryos 
of those forma which pass the Nauplhis stage within the egg, when 
the posterior body-segments develop and the embryo thua lengthen^ 
a dorsal curvature of these segments takes place [AfU» jiroduelui, 
Bbauer ; Moina, Fig. 72 B and C, Gbobben). In these cases, the 
rudiment of tho cephalic carapace or shell (s) can be made out early 
as a folding of the dorsal integument at a point corresponding to 
the maxillary region. 

The development of the embryo in the yolk-laden eggs of many 
Cladocera {e.g., Daphnia !ongitpina, Dohrn, No. 10, and Leptodora, 
P. E. MCtr-KB, No. 12) pursues a different course. In these 
embryos, a certain contrast between the embryonic riidiment which 
lies primitively on the ventral side of the egg and the doraally- 
placed mass of food-yolk is recognisable. This distinction is still 
more evident in the embryos of parasitic Coi>epoda (Fig. 73 A and B, 
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Katdke, No. H9, and Van Ueneden, No, 17), iu which a short 
ventral ijerm-batut la already clearly distinguishable from a dor.-al 
mass of yolk. 

With regard to the order in which the bod3'-segment3 develop, 
the general rule is that the mdinients of the most anterior segments 
appear first, while from a budding zone at the posterior end of llie 
body, but in front of the tenninal or aiia! segment, which develops 
early, new segments are successively formed. The pairs of limbs 
develop correspondingly from before backwards, although some 
variations in the time when the liiiiba appear are to be found in 
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the different regions of the body. The Nauplius limbs, for instance, 
often appear simultaneously or in qiuok succession, and the Nauplius 
stage ia generally distinguished by a periwl of rest {and fref^uently 
by the develoijment of a larval cuticle), while the jrasterior limbs, 
cljaracteriBtic of the later stages, usually develop in regular suc- 
cession. In the Phjllopoda, where the maxillae are but feebly 
developed, these limbs appear very late, when the embryo ia fully 
Jeveloped (Fig. 72 B and C, Zaddaoh). 
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B. ArthroBtraca ajid Oumacea. 

In Ihe Arthrostraca, that region of the egg where later the 
embryonic rudiment develops is often indicated, even during cleav- 
age, by the amall size of the blastomeres, or by the earlier formation 
of the blastoderm. A germ-disc forms which is nt lirst round, but 
Boon spreads out into a germ-bund covering the whole ventral aurfaco 



of the egg, and occasionally nlso 



.tending dorsally over the anterior 
and posterior ex- 
tremities (Fig. 
7i A) The an- 
terior end of the 
gunn-baiid is indi- 
cated by paired 
enlargements, the 
rej'halic lob&i (Fig. 
G9, o, p. 138), 
from which the 
r\idiments of the 
eyes and of the 
brain arise, while 
the germ-band 
iUelf soon appears 
divided up by 
furrows into the 
separate Iwdy-eeg- 
ments(Fig. 7i B). 
This segmentation 
and the first ap- 
pearance of the 
pairs of limbs 
takes place from 
before backwards; 
the segmentation, 
however, fre- 
quently occurs almost simultaneously in all regions of the body. 
A« the lengthening germ-band has no room for free developmentf 
a characteristic curvature soon comes almut. In the Isopoda, the 
curvature, which is originally dorsal (Fig. 74 li), only gives place 
to the reverse curvature at tlie end of embryonic life, whereas, in. 
the Amphipoda, such a ventral curvature appears at an earlier 
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Btnge of development, the eniLryos consequently showing throughout 
embryonic life a ventral curvature of the abdomen {Fig. 75). 

Altl ugh aa a ml tli liralia appear to tAkt tlieir rise Almost siniultaneoniily, 
y t n ^ il a yth nt genj hibits several inmitira Itaturea ne find ■ 
Aa pi U5 8 sg 1 urn t eA by the presenct^ of tno gum or mitctinat. and 
the UK e of a la al n t (Fig 74 J) The niouth parts aad an. pair 
of thorac I mb and hnalSy the Hbdoitiinal a^penilagea appear laUr (Fig 




Two tUgei of development o. Atrlliu. Men 
.Vaaplfu aU%e (Van Bkshiem). B, o\iit aUge (DoBBa^ a', lint lUIepnl; a", MOotid 
■Dtetina; n^, mus; 1, lubo-llke appAadBgES ; mii, uninllbLe; m', Hwt inniill*; mi", iMond 
luiiina^ nU; Juitlllipede; J'VI, Ant aii pain of ■nibiilitoc)' llubai IS, Hnt Dva paSn of 
pleopoli ; n, mouUi ; i, viteUine mambraue ; y, blislodermio cntlda. 

74 B). After the nidimeuts of the titnbs have appeared, paired {>roniinelices 
form behind the moiith ; those bauoiuo the rudimeiita of a bilobale lower lip 
(jMiragnaiha). 

The coune of developnient of the germ-band observed in Aselitu ia connected 
vith that in Liffia by the presenix of a distinutly recogiii*able Naupliiia stage 
(Fig. ee, p. 138). The chief point worthy of 
notice in the later development of thia form is 
that the rudiments of the thoracic limba are 
originally biranioaa (NcsBirsi, No. 85b), and 
that the adult limbs arise from these by the 
suppression of the eiojiodits. Tliis is in har. 
mony with the presence of vestigial Bj:o))DditeB 
OD the two anterior pairs of thoracic limbs 
of the Anisopoda, and supports the deduction 
that the Isopoda, and with them of all Artliro- 
etraca, arose from ancestors resembling the 
Schixopods. 

A feature ap[>arently universal in the Isopoda 
is the teniporary suppression in the embryo of "■ "o™*' on^n, 
the posterior of the seven pairs of ambulatory 
limbs {tlioracic limbs), and its re -appearance in the young only after leaving 

• Former observers failed to find a rudiment of the mandible in the NaiipUiu 
stage o{ AaellnK, but Boas (No. 4, Crustacean Metamorphosis} was able to prove 
the presence of such a nidimeDt in a few individ"'- 
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common occurrence nmoug the Arthroatmea. 
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( imt ton with the de- 
v'-Iiipment in the dorsal 
u'^^iuii i>f iiianj Arthro- 
atrafyii ombryos of ail OTj^n 
Jiscovered by Mbisskbr ia 
GiiMiiiantu and described 
aa a mkrojxjle api'aratua; 
this was found later in 
many Aniphipoda and a 
few laopoda, and, aa the 
spherical or dortaJ orgam, 
it has received many differ- 
ent explanations. In tlie Anipliipoda, the dorsal organ appears 
during the dill'ereiitiation of the germ-ltand as a doraal disi>shaped 
tl.iukeniiig of the blastoderm (Fig. 75, A') projecting inwards towards 
the yolk; when the larval integument develops, this organ adheres 
closely to it, A perforation ia formed here (the micropyie), while 
the central parts of the disc form a small cavity by invagination 
(Fig. 7G). In later ontogenetic stages, when the heart develops 
below the dorsal organ, the latter degenerates, meaoderm-cells 
wandering in between its cells and apparently taking an active 
part in its disintegration (Robsuhkaya, Ko. 72). 
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A Jorsul oigmi cieveloppil in this way liu beeu [irovfd by F, UPi.i.efi to eiUt 
iu lunnj' Anipiiipodn ; also in some Isopods (Fig. 76)—Ci/iiiialioa, Clavs. snd 
Bl'llar, No. si ; Fntai^t, DoHKN. An iutorestiug variation is fonnd among 
tlie Aniphipoda in the gctiiu Ordiwlia, where the donial organ originall; 
develops on the lateral edge of the germ-band, and onlj later shirts towards the 
mediiiH dorsal line (Uwasis, No. 75 ; Rohsuskaya, No. 72). 

Auotlier nietliud of development oF the dorsal organ is seen in Quanta 
(DoHKH, No. 83 ; BonHiTKKY, No. 80), where the cells of a krge area thicken 
to form II saddle-shaped plate adbering closely to the larval integument (Fig. 71 
A, do, p. HO). Thut plate, in the farther course of development, becomes more 
ajid more separated, by an infolding of its margin, from the embryo, nith which 
finally it is coonectecl only by a thin, hollow column. The plate, when this 
oanuectiou is lost, undergoes diaiutegratiou. A similar dorsal organ is found 
in Ligia (Fr. MOLlbb, No. 4 ; Boa*LiE Nusuausi, see J. Nubbauh, Na 39, 
|i. ItiS). 

A dorsal organ similar to tbat in the Amphi|)oda lia£ been observed in the 
Cutoacea (DouKN, No. 36). In J/yai) it is originally (mired (Fig. 77, d). The 
paired disc-like thickening Found iu Tanais (Fr. MtLi.ER, No. 1) connected 
with the krvHl iulegumeul, might also ha thus interpreted. Among the 
Decapoda, the dorsal organ is found iu a reduced condition in Cranyim 
(KtKoaLEY, No. 53), auit iivrhaps(!)»]ao in Fandaim and Falinumi (Dohbh, 
No. 45), as well as iu H<maria (HEaiiiCK, No. SO). 

Among the various explanations given of tliis organ, tlie one origiuated by 
Fr. UtLLBK (No. i), and pot forward later in more detail liyGROiiBBu {No. 11), 
has met with the widest acceptance. Accordhig to tbeee autliora, the dorsal 
organ Is the vestige of a once functiotuil adhesive structure, eiiuivnlent to tlie 
uuchal gland {neck -gland. Fig. 72 C, n), which is still functional in the young 
stages of the Fbyllopoda and is there sometimes cvtained throughout life. Such 
a nucbal gland was also found by GuoilBBK and Ubbahowtuk in Copepoda 
{Gjielopi, Ergatiiua), and by Ohobbek iu Buphav*ia. Although thia homology 
appears very proluLble, we do nut think it entirely established. It ia possible, is 
already mentioned, that the dorsal organ is merely the expression of the com- 
plication oF the bliatodemiic covering of the food-yolk caused by the lateral 
growth of the germ-liand. This complication would then be expressed by an 
invagination in the AmphijKidan type, and by a nipjiing olT in the OitUcua type. 
Tliese processes are perliaps analogous to tlie formation of the dorsal organ in 
the lusecta, 

Among Ihoae structures which have often been homologisod with tlie dorsal 
organ, are the paired lebe-altajied appmiliigea (Fig. 74, /) of the AmIIus embryo. 
The true significance of these latter was first explained by Claus (No. SS) by a 
comparison witli his obserrations on the young stages of Apxadet. In Afseudes, 
in the maxillary region, there are two wing-like iutegumeutal folds ; these are 
the rudimenli, of a shell which spreads over the small respiratory cavity, and 
nnder which the ]«lp of the anterior mHxilla and the vihralile epi[iodial lamella 
{tea^hofnaihUe) of the maiillipede come to lie. In AuUus the shell-fold is 
reduced to a triangular rudimeat which (Rathke, No, 88) may function as an 
embryonic gill. 

The Anisopoda just meutioned ( Ta»ai>, Apaeiuiea), iu the conformation of their 
embryos, nio^t resemble the Isopoda, having in common with them the dorsal 
uurvatnre aud the absence of the seventh pair of thoracic limbs. In other 
renpects, tliey more nearly approach the Canucea, all the abdominal limbs except 
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thp lost (aixtti] pair Lieiug otiil nauting wliexi tlii? young auimsl is hatcbcd 
(Fr. MOllee, No. 4 ; CLArs, No. 78). It liaa slready been shown (p. 151 ) that 
the piirei) disc-like thickenings obsen'ed by Pli. Mt'LLEli in the Taiiait embiyo 
are jirobibly to be referred to the dors*! organ. 

The embryos of the Ciimocea aUo, through the absence of the Hcrenth pair of 
thoracic lisiba, and tlie presence of a dorsal organ (resembling that of Cgmol/uiaj 
are iillied to the Isopoda. Aa io the Aniitopoda, the embryo vheu hatched 
^a only ooe [the riiith) pair of abdoininal limbs. 



0. Leptostraca, Schizopoda, Dec&poda. 

There are two factors m1iji;1i, as a rule, influence the ontogenetic 
development of these groups. (I) The food-yolk which, in most 
cases, 18 present in very considerable quantities, and which detarmines 
the size of the e^ and the entirely superficial eKteneion of the 
embryo in the first stages ; (2) the gradual development of the long 
germ-band out of an originally short rudiment consisting of a few 
segments (distinctly marking the Naujiliii^ stage). 

Nothiug further is knonu of the presumably very primitive coDdition ahown 
in the development of the larval body of those genera which leave the egg in the 
Naupliia fomi iEuphauna, Penaeua, Lvciffr). 

We may take the ontogeny of Mi/sis ae the starting-point of our 
description, following chiefly E. Van Bbhrdbn (No. 37) and 
KusBAUH (No. 39), The eggs of Mi/»is develop (as in the Cuniacen 
and Arthrostraca) in a brood-sac covered by horizontally- placed 
lamellae (ooategites) of the thoracic limbs. The first development 
of the embryo appears at the point from which the formation of the 
blastoderm originated, and which corresponds to the future ventral 
surface. The formation of the blastoderm is commenced by the 
development of a rounded disc, the germ-integument, which ultimately 
spreads over the surface of the egg ; a later stage shows a similar 
rounded blastodermic thickening (the germ-disc) which represents the 
first embryonic rudiment. This soon breaks up into three lobes, 
tbe middle one representing the rudiment of the caudal region, and 
the paired lateral lobes the rudiments of the germ-band. The latter 
soon grow forward as two diverging bands, from which the rudi- 
ments of the Nftuplius limbs bud out as rounded prominences 
(Fig. 77 A). The broadened anl«rior ends (o) of these halves of the 
germ-band correspond to the cephalic lobes of the Entomostracan and 
Arthrostmcan germ-bands. As they give rise exclusively to the 
rudiments of the compound eyes and the optic ganglia, we shall 
give them the more precise name of optic lobes. On either side 
of the short germ-band, between but somewhat above the first and 
second pairs of antennae, lies the disc-shaped paired rudiment of the 





Fin. 77.— Fir* Fmbrjgii pf MmU (ifMT Ni'BBiUM). A, jovngr't Nnupliut Hinge, B, older 
Naupliiis aUge In proftlB. C, WUKpliin »(lBr thi iji«pp«u«ncii of the tll*llln« nitnibnine, 
in Uiree-quiiien prattle. D, liter HaupUia itage wlUi thi NmipllDi iDtegament <ii]. B, 
Um wlLli tbaraeic Kmtia. >', lint *ntiiiu; ■", Kcoiul »teniu>; c, vltclliua iiMmbmi 
4. doml oimn: md, numrtlble: n, Niapllui ioMgnntuC; o, optic lobe; ji, CDdlmral o< tbe 
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dorsal organ ((I). The pin to -si i aped rudiment of the caudal region 
(«) is bounded niitorioijy hy the traiisverse depression (alidominnl 
fold). The latter soon becomes covered over by the posterior end of 
the body (fig. 77 B, s), which grows forwarils to form the caudal 
fork. In this way the Nauflius stage, with the tail region bent over 
ventrally, is reached (Fig. 77 B). 

After this stage lias been reached, tlie vitelline uieubrane ift 
thrown off, a new cuticle (the ^auplius inleguiuent) beiitg secreted 
simultaneously. The embryo now lies free in the brood-cavity, 
surrounded somewhat loosely by the Nautilins cuticle. The aMomen 
has meanwhile lengthened and straightened out (Fig. 77 C), and 
becomes more and more filled with food-yolk evenly distributed 
within it, while the whole body finally assumes a distinct dorsal 
curvature. \Ve can now (as in the Arthrostraca) distinguish a ventral 
germ-band from the dorsally-plaeed mase of food-yolk. The latter, 
especially in the cephalic region, swells considerably. The posterior 
parts of the embryo become distinctly segmented. The mouih- 
parts and the thoracic limbs apjiear simultaneously (Fig. 77 E), 
tlie rudiments of the abdominal limbs following in a later stage. 
During these changes the disc-shaped dorsal organs have coalesced in 
the dorsal middle line, and, as an invagination takes place tliere, they 
are hero, both in position and form, comparable with the dorsal organ 
of the Aiiipbipoila. 

The embryo of Jfabalia, aocordiug W Metschmkofp's iccounl (No. 33), 
atroiiglj reaeitililca in foi'iii that of Mi/rii. Hi-re also we hare the ventrally 
UuxBd X'tiii/'liiia stage, lu well as a leugtlieaiug aud dorsal curvature taldng 
plncc after tlie Bhudiling of tliu vitelline tnpiiibmne. The presence of « doml 
or^n has, however, apparently not jet lieeu oliserred iu tliis rorm (p. 252), 

The embryos of the Decapuda differ from those of Mi/fis chiefly in 
the position of the parts of the body ; the ventral curvature which at 
first characterises the Nauplius of Mysia (i.e., the ventral flexure of 
the abdomen) is here retained to a much later stage until the larva ie 
hatched, this being connected with the much later rupture of the 
egg-envelopes. In other respects the ontogenetic processes are very 
similar. In Astaeus, of whose development a very detailed account 
can be compiled from the researches of Hathke (No. 63), 
Lbreuoullbt (No. 58), EoBtiCTKCY (No. 41), and Reicubnbach 
(Nos. 64 and 6S), after the blastoderm has developed, the first 
embryonic rudiments are perceptible as five thickenings 

simple layer of cells (Fig. 78). The anterior pair of the 
thickenings {K) correspondB to the optic rudiments of Mysia, and 
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may here also be described aa optic lobes. The poslorior pair of 
formativQ centres (7*^4), whicb lie nearer oue onotlier, luiswer to the 
unpaired caudal rudiment of MyatB. But, sidcc liete not only the 
segmente of the abdomen, but thoracic segments aa well have begun 
to form, these discs may be called the thorwo-abdomtnal rudivienls. 
The most posterior unpaired disc is the entfiderm ili'K (£S). Anteriorly 
to this there is a point where active proliferation yields cells which 
spread out below the blastoderm -layer, this ia the formative zone of 
ihe metoderm (iiM). While, by processes already described in detail 
(pp. 128, etc.), the invagination of the entoderm-disc and the gradual 
closing of the blastopore take place, the thoraco-aljdoininni nidiraenls 
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plate(Fig.79,2'^), 
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plate grows forward round and below this dejiression, forming 
tJie long jjosterior portion of the Iwdy ; this is curved ventrally 
Biid closely applied to the other embryonic rudiments (Figs. 80 and 
63 B, p. 131). 

While these processes are going on in the posterior half of the 
body, active growth takes place on each side in a band connecting 
the optic lohea with the ihoraco-aMomiual rudiment (paired rudiment 
of the germ-band), which finally lead to the development 
pairs of limbs (Nauplius limbs, Fig. 79). These are the 
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and the two puirs of antennne, the former, according to Bobkbtzkv 
aad Rbichbnbadh, appearing somewhat earlier than the latter. The 
middle region between these nidimenta long retains the character of 
an undifferentiated blastodenn ; in the anterior region, however, an 
unpaired Bwelltng arises as the rudiment of the labnim {I), and 
behind it the i^tomodaeal invagination, while, mesial to the rudimente 
of the limbs, the pairs of ganglia belonging to them {ffa,„ fftn) are 
tecognisable as ectodermal thickenings. The Nauplitis stage ihus 
attained marks a natural period in the ontogenetic development of 
il«/a«u', this being 
also indicated bj 
the appearance of ft 
larval integument 
(Nauplius cuticle). 

It slioiild be noted 
that, in the JVaujrfiiu 
stA^fl, the different 
jiarts of tlie embryo 
111' nearer one another 
tliau irlieu they fint 
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79 drawn tc 
scale). Such an Hp- 
proximation of tha 
ludLments iu the em- 
bryo at these stages 
appears uiiiTeraal in 
the Deoapoda. 

Tlie KaaplitatUge 
in oilier Dscapodk 
develops in the ume 
way as in Astaeia. 
The eiiibryonio rodi- 
menta, however. Id 
moat cases, only a|i- 
pear after the closing 
mediate Deigh- 



of the mouth of the gastnila ; 

bom'hood of the closed blastopore, an unpaired rounded proniineDCC, in which 
the rudiment of the posterior eoJ of the body can be diaccrued ; this is not, 
M in Aitactu, paired. In tlie Loricata, according to Dobbn (No. 46), as in 
Aataeiii, this may be described as the thoraco-abdoDiinsl rudiment, whereas, in 
other cases, it seems to give ongtD exclusively to the abdominal segments. This 
rudiment soon shows wiug-like outgrowths running forn'ard, and establishing 
oouneetion with the optic lobes which in the meantime have made their appsar- 
sjics. The rudiments of the Nauplius limba then appear in the neighbourhood 
of these conncctiug strands. 

I projection eounectiug the posterior parts of the optic lobrn 
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becomes the nidinient or the labnim, behind wliich tbe stoTiiixlarsI invaginntioD 
ftooD appears. The latter, as a nile, lies in the ejaue bctttran the first and secoui] 
pairs of aateunae, but KlHosLltT hss special; emiihaeised thB poat-oral positioQ 
of the iinit pair of antennae in Crangott. Paired swellings arise near the 
posterior niBTKiD of tbe oral aperture i these are the nidimeiitN of the para^tUha 
or bilobed lower lip. 

The later stages (Figs. 80, 81, and 83} ore characterised by the 
further growth of the thornco-abdominal itidimeiit, which soon breaks 
lip into aegrneiita, and also by the development of the posterior pairs 
of limbs which appear from before backward. At the same time 
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gradually rising from the surface below them, so that the club-like 
shape of the stalked eye can be recognised in the rudiment (Fig. 81). 
ITie posterior part of tlie body undergoes important alterations. 
There is here an early separation of the terminal or anal segment 
(Figs. 80, 81, T) from a budding zone composed of large cells which 
lies in front of tliia segment (in the embryo, however, owing to the 
forward curvature of the tail, further back). The anal aperture is 



i 



originally formed on that surface of the termiual segment wliu-li 
ttfttcwards becomes the dorsal surface, later it Bhifte into the space 
between the two lobes into which the terminal segment soon divides, 




rorwinl veiitnllT, IscatoJf ind 1b1<) tack, ml, autfiiiial i^liud; ah, ilatuindi ; l„ Dntjnlr 
□f udbiiUtarj1ltnbi(chelite reel); I,-1„b«»iu1 lo tilth [Kit atinibuliitory liiuU; T. taboo. 

and through this apace gradually reaches the later ventral side, and, 
in this way, its final position. 

Immediately behind the thoraco-alxlominal rudiment, at the point 
where this is connected with the reBt of tlio body, in later stages, an 
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III of mesoderm •cells is discerned, furmiiig the first nuU- 
mtnt of the fiearl (Figs. 63, 64, A, pp. 131, 132). 

In early stages the thoraco-abdomiiml rudiment is Burrounded by a 
clear area Iwunded externally by closely contiguous liI(isto<lenii-cell?. 
The latter soon become raised bo as to form a fold wbiuh is specially 
distinct in its lateral parts ; this is the first rudiment of the thorae-'e 
thidd (Fig. 80, tg). Tlffi clear area thus referred to is the nidiinent 
of the brawJiial canity. 

A Temsrkshlc Btrncture lying like k donal disc nn the embryo avA oUed [Le 
" CBTspax " lias hvta descrtlntd in tLe early atagea nf Atytphyra by Isi'HIKAWA. 

The development of tlie Decapodn is principally cbaracterised by 
the fact th.it the whole mass of food-yolk is confined to the anterior 
pnrt of the dorsal side of the body, while the thoraco- abdominal 
rudiment is free from yolk. Even in late stages, in which the form 
of the hatching animal is already quite distinct, the cephalo-thoracic 
iwrtion appears swollen up by footl-yolk until almost spherical. 

Fomuitios of tlie Organs. 

Our knowledge of the rlevelopment of the different oi^ans in the 
Crustacean embryo is still somewhat limited. The Decapoda are in 
this respect best known to us from the researches of Bobbetzky 
^So. 41), Reiohbnbach (Nos. 64, 65), and Kingslby (No. 53-5S). 
Besides these we have the observations of Nusbauk (No. 39) on 
Mr/n», of BuBRSTZitT (No. 80) and NOBBAuif (No. 85) on Oniecus, 
of Gbobdbn (Nos. 11 and 21) on Aloina and CetockUim, of Clauh 
(Nos. 8 and 9) on Branrhi(mii, -4^,iw, and others. 

A. External Integument. 

As the superficial ectoderm of the embryo yields on its external 
surface the ehitinous skeleton of the larva, it gradually acquires the 
character o( the Itypoderniit or the matrical layer of this skeleton. 
It has been recently proved by T. Tdllbbro that, in the Lobster, the 
origin of this ehitinous skeleton uiay be traced back to a direct 
transformation (chitinisation) of the body of the cell. It is on 
interesting fact that the bypodermal cells not only are able to change 
into chitin ot their external ends, which are directed to the body 
surface, hut tlmt occasionally even their basa! portions are similarly 
modified. Thus Kbichbnoaoh observed that, in Antaettg, single 
hypodermal cells lengthen iuwards and grow ont into chitinised 
strands and pillars which function partly as Bupports for the carapace, 
and partly as points of attachment for the groups of muscles. In 
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individual coses it is often impossible la distinguish between these 
ectodermal ingrowths nnd true connective tissue. This inner 
chitinous supporting tissue belonging to the ectoJemi was found 
by Clads (No. 9) very richly developed in Bravchiput. 

B. Endoskeleton. 

A further development of interna] chitinous structures is brought 
nbout by infolding and invagination of the external integument 
In this way are developed those tubular ehitinisecl ingrowths which, 
as affording attachment for the more important muscles, have been 
called chitinous tendons, and some of which even, as was proved for 
the mandibular muscle of Astaeue (Baur), are renewed at ecdysis. 
A striking development of chitinous tendons of this kind, formed 
from ectodermal invaginations (Rbiohekbagb), is found, ae is well 
known, in the penultimate joint of the pincer in Attana fluviaUiig. 
The inner sternal skeleton (endopbragmal system) which bridges ovei 
the thoracic ganglia in Aetacue develops in a similar 
aeries of invaginations of the external integument (Boi 
■11), by a procass of infolding of the inner wait o( the branchial 
cavity and of the sternal surface of the thorax. Nusbadm (No. 85) 
was able to observe in Onucus the origin from paired lateral invagi- 
nations of a similar chitinous diaphragm covering over the chain of 
ganglia in the thorax. A hemispherical, chitinous articular fold also 
arises as an ectodermal invagination in connection with the movable 
eye of the Cladocera and of most BranchioiHjda (Gkobbbs). 

0. HerTooH System. 

Although probably belonging to a common rudiment,* the supra- 
oesophi^eal ganglion (brain) and the ventral chain of ganglia must 
lie separately dealt with. The whole of the central nervous system 
arises as an ectodermal thickening. Even in early stages, paired 
ectodermal thickenings can be recognised on the inner side of the 

* Moat aiitlinrs agree that, in tha Cniataces, the rudiment of the bruu, from 
ila first appearance, is connected with the primitive au'elUngs of the ventral 
chain of ganglia by means of paired eotodermal thickenings (nidimentB or tba 
rMsophogeal commissnreg). Tbiavien, howerpr, hiu been opposed. Ubbanowicz, 
for example, found tliat iu Cydopa (Ko. 23) the brain and a aulwesophageol 
ganglion originate indenfludently, and only liecomB connected Utor By the 
development of the oesopliafjeal commissures. This nbaerration cannot, iiowevsr, 
be considered as alTardin^ direct proof of Kuihenbero's views na to the original 
indepuidence of the nidinienta of these two |iarta of the central nervous sjitera 
(Vol, i., p. 288), for it is easy to nuderatand that the nidiinents of the more 
inoaaive parts of tlie central nervous system should become earlier perceptible ai 
ectodermal thickeuings, while those oF the mora delicate ports {e.g., of the 
oesophageal commisaures) are only visible at a later stage. 
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ruiliiiicnta of tlie liiiibs ; tliese represent tlie nidinients of the pniced 
ventral ganglia belonging to the individual segmeni*. The consecutive 
pairs of gnnylia are, however, connected by thickened ectiMterm-bandB, 
the rudimentB of the longitudinal commissures, ao thot we may 
regard two longitudinal ectodermnl swellings (the " Primtlivicni/ste," 
Hatsohek, Fig. 82, pie) as the first rudiment of the ventral chain of 
ganglia ; these show segmental swellings (rudimeuta of ganglia), and 
are separated by the primitive, groove (pr). In the later stages of 
development (Fig, 82 B), in the region of the primitive swellings, 
the ectoderm ia seen to be composed of several layers, an outer 
one, which now is changed into the Uypodermis (li) of this region, 
being separated from the inner layers. The latter now, as lateral 
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sfrandu (m) represent the rudiment of the ventral cord. Rbicbendach, 
on whose description of the development of the nervous system in 
Aslarut our account chiefly rests, was able to prove that, in the 
formation of each pair of ganglia of the ventral cord, there enters, 
besides the corresponding portion of the lateral strands, a median 
invagination (m) ; this is to be traced back to the primitive groove, 
and ia known as the median strand. This agrees with the discoveries 
of Hatbchek in connection with the origin of the ventral chain of 
ganglia in the Insects. 




Tlia Ifttei'iil stranHs ere originally toiu|io8ed of simple enihryonic cells. In 
Ifttcr atogcA, liciwev<^r (Fig. 82 S) their structure is fuuttii to he more coniplicatetl. 
a cross section revBatioK three Gonstitueiit fiarts. The first comntenccmenta of 
the formation of nervr-libre!! (/) can soon be made out in the innermost (or 
tiBsal) portion ; these mil as two longitudinal buudlps Iwlow the lateral atraiidB, 
and are couueuted with vciy fine ^irocesses of tliosc cells oF the strands which 
become changMl into ganglion cells. I)«sidea these paired bundles of fibres, there 
is. in the nnliment of every pair of gangliit, an iiupair«<l mass of ncrvc'libre* 
vhich jierhajB arius from the UK-dinu strand aud gives rise to the tmuavelsv 
conimiasares. Tlie latejal strands at an early Btage lieeonie invested willi a 
layer of mesodermal tissue; this covering, according to Reich enbaub, repre- 
scuts the neurilenitiia, and penetrates not only into the ganglia, but even into 
tlie central mass of fibres. The appearance of masses of fibres at the inner 
or basal side of the lateral strands has probably the aigniticauce of an onto- 
genetic recapitulation of a pnmitive condition, in which the whole nervous 
system was an epithelial structure, with the maas« of fibres developed on 
its inner or basal side. 

Even in quite early stages, &kilihbnbacr could distinguish, in the mdinients 
of the ganglia, larger and smaller cells of varying hist«laginl eharscter. This 
distinction is also evident in the fully developed condition. The larger elements 
(Fig. 82 B, g) give rise to the so-culled large ganglion .cells in the central nervous 
system of Ailacia. Similar targe cells were observed by Npsbaum even in ewly 
stages in Mysii. In the later stages, massive accumulations of pigment hftve 
occasionally been found in the ventral ganglia ; these are probably depositiy] in 
mesoderm- cells. Instancca of this are to be found in the ganglion which is 
connecteil with the sixth pair of apjiendagea of Cranffon (Kikgbiey), and in the 
thoracic ganglia of Sfs/iU (Ncbdaoh). 

Kbicbrk back's view as to the participation of a median invagination in the 
formation of the chain of ganglia has since received only Jiartial conlirniation. 
Nt'sUAi-'M, indeed, observed it in Uysii, and Ghobbbh thought that it could ba 
assumed for Moina, Claus, however, denied that a median invagination took 
part in the formation of the ventral cord in Bnineliipui. On the other hand, 
NuHBAUti recently recognised the presence of the median strand in Isopoda 
{Onitaa, No. 38), in which group BonBBTZKT (No. 80) and Bullak (Ko. 811 
described the origin of the ventral cord from an un]«ircd thickening whicli only 
at a later stage divided into symmctHcal halves. 

With r^ard to the lievelojiment of the jienj*7«ml nema, RElCBENBAni 
(No. 06] and ClaI's (Xo. B) have shown that it is probable that these do not 
originate M outgrowths from the nidiroeuta of the central nervous eystera, but 
that they ajipear as distinct ectodeiTiial thicheiiingB at a time when the whole 
nervous system is still connected with that layer. The transverse commisanros 
wliich are double in each segment iu Brancliipuj ntiae in a similar way, according 
to Clavb (No. 9). 

In tracing tiie developtnent of tlie brain or giipraoefojiluigeal 
ganglion, we nmat first study Rkichenuach'b minute descriptions of 
its origin in Aslaeus {No. 65). According to this author, tlie whole 
central nervous system of the pre-orol part of the body arises in the 
form of three pairfi of ganglia, equivalent to one another and belong- 
ing to three separate body-segments (Fig. 83). Tlie most snterior 
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of these ganglia, which develops in the proximal portion of the 
eye-stalk, yields the optic ganglion (o', o"), while the remaining two 
Iwlong to the firet anj second pairs of Qutennae and enter into 
the formation of the brain proper or snpmoesophageal ganglion. Of 
theee last, that iying in the segment of the first antenna {antenTtttle) 
very soon hecomea divided by a transverse couatrietion inlo a pair of 
ganglia [a, h), the anterior of which (a) we will distinguish by 
Fagkabd'8 name of jrroi-erehntm, while the posterior, since it gives 
off the Derve to the first antenna, has been called the antennular 
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ifanijlion {h). It should be mentioned that Reicbbkbach believed 
tliat he observed, in late stages, a similar transverse division of the 
posterior pair of ganglia which give off the nerves to the second 
jintennaa, and are therefore cullcid the anlennal ganijlia (e); this 
latter diviEion, however, is not so striking, and also not of the same 
significance as the division which takes place in early stages between 
the procerebrum and the antcnnular ganglion. 

It is an important fact that the pairs of ganglia just described 
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show, accoriling to RBicnBKBACH, in iheir (leveloi.imcnt, great agree- 
nient both inter ee and with the ganglia of the ventral cord. In 
cnch of these pnirs of ganglin we cnn distiugtiish lateral strands and 
a medial) stmiid ; the lateial strands, in cross section, arc seen to he 
broken up into three parts, as are the ganglia of the ventral cord, 
Tlie median strand, however, varies iri different regions. In the 
region of the optic ganglion, the two halves of the median strand 
shift far apart, ami enter separately into connection with the eorre- 
eponding ganglia. In the region of the procerebnim and the 
ttntennular ganglion, on the other hand, is found that mediaa 
inveginatinn of this strand which doubtless leads to the develop- 
ment of the cominimurnl portions of the brain. In the region of 
the antennal ganglion, again, there is no median invagination. 
Reichbndach believes that this invagination has shifted forwards 
Bn<l is represented hy that establisheil between the antennuUr 
ganglia. If, however, we believe that the transverse commissure 
between the antennal ganglia was originally posb-oral, and is perhaps 
BtiU to be looked for in such a position (Cl^UB, No. 78), we shall 
not be surprised at the absence of the median invagination between 
these ganglia. In later stages, the invaginations of the median 
strand are no longer distinct from one another in the region of the 
procerebitini and the antennular ganglion, a closer union between 
the different parts of the brain being then generally apparent The 
procerebnim, acconling to Hkicbesbach, gives origin principally to 
the " anterior cerebral swelling," while the antennular ganglion JA 
connected with the development of the "lateral swellings" (Krieoeb,' 
Diktl). 

These observations of Keicbenbach are to n certain extent in 
agreement with those of ICingslby, who found in Craiigim, ttpart 
from the optic ganglia, three consecutive pairs of ganglia taking 
part in the formation of the brain. The most anterior of tiieae 
(the procerebnim) Kin-oslicy, however, regarded from the Hrst as an 
independent structure, it alone being originally pre-oral and homo- 
logous with the supraoesophageal ganglion of the Annelida. The 
two pairs of ganglia which follow (the anleunular and antennal 
ganglia) are, when first developed, post-oral in [wsition, and must 
thus be considered as ganglia of the ventral cord drawn into the 
cephalic region. 

The »bove oliaoi'vstions IcacJ ua up lo the question of the primaiy aep;nientatioa 
of the pre-oral portion of tlie lieiMi In Ilia Ci-uatncen. REi.'HgNnACH. witli 
whom «l«i HusDAiru (No. SB) in in esacntuil Hgreemeut, has been led by 1ii» 
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ontogenetic icaearelicB to assnms for tliU regiou <>{ the ImmIj three comiwneut 
parts, hainonomoiis with the other liody-segmeDtB ; these Me the optic, the 
sDlcuualar, and the autennBl segments. In the «plie ttfftnent, the optic ft^ngUa 
WDold Te]>regBnt the segmental pair of gsDglia, while the general position of the 
parts in the Jfilacus embrjo iodine Rkichesbach to return to the old view of 
Milnf.-Edwahiis, according to which the cye-alolks represent tlje limlu of this 
segment. This last vim, vrhjcli snbsequently found sup[)or[era in HirxLEV and 
Si'KNi'E Batb,* has, ho«evoi^-and, as It appears to iis, lighlly — lieeu disproTod 
bjr Cl.AL's and Fit. MUllkk, by reference 
to the ontogeny of the stalked eye of the 
Fhyllopodan larva ^SrnnchipM) and or 
the Zoain of Liiei/ar, which indicates 
that the eye-slalks are to be regarded aa 
secondaril; abstdcted lateral i>ortions of 
the liead which have Lecoine indepen- 
dently uovable, while the optic-ganglion, 
ai a part of the brain shifted anteriorly, 
also attains only a secondary indepeud' 
ence. These conctiiaions remove all 
ground for aasuTuing the presence of au 
indepeadent optic segment. 

Witli regard to the segment of the 
body corresponding to the second pair of 
antoiiROf, there csu hardly be any doubt 
that we here hare to do with an oiigin- 
ally post-oral irady-segmeDt, i.t., with a 
true tmnk-segment, which only second- 
arily ttnderwent displacenent forwards, 
and thus attained a closer union with tlie 
pre-oral parts of the head. This yiew is 
supported by the ohanges bronght about 
during embryonic development in the 
relative positions of the mouth and the 
second Antennae (p. 1G7), and above all 
by the condition ol ttie nervous system, 
in which are to In found all tiansitions 
between the independent development of 
the pair of ganglia on this segment and 
their close fusion with the cephalic mass. 
It has been known, since the observations ■"'"oie. 
of ZASDAm, that, in Ap>a, the origin of 

the pairs of anl«nnal nerves is to be sought post-orally in the oesophageal com- 
missures, and later researches (Feldenbir, No. U) showed the ganglia at this 
point to be connected by mcsna of a poatoral transverse commissure, although 
this has to 9ome extent been otherwise explained. Similar conditions are found 
in other Phyllopoda. Thus, in Cls.cs' drawing of the brain of a Cladoceran 
<Fig. 84), three gvcCions can be distinguished, only the two anterior being 
pre-oral in position. The most anterior section {^, corresponding to Facki.Iio'b 

* [See also C. HtKRNT, Ulier li. Begeneration v. i 
an Stetle v. Augun, Artliiv. f. Enlioidcl. Sleduiiiik, 
nud B. HiiFBR. Ein Krebs ntit oioer Eitremitdt at 
lk>U. Zool. Geult., IBS4, p. 82.— En.] 
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[irooereln mil) givea off tlie nerves to tlip eyes aud 10 tlio fi oiital aud otiier aensory 
organs, the seuiud uuliou the uextea U> the iirat jiait of aateunae (na'), while 
the poaterior seotion (e"), whicli lias on the goutmi of the oeaopliBgesl commiaanrA 
(4c) bdhiod the oesophagus, aupplies nerrea to the second antenna (na"). Amatig 
other Crustacea, the antcnnal gangliou undergoes more or less dispUceroeat 
forwards iilong the coitimisaure and a subsequent fusion with the bmin. The 
acceptance of this view of the slterntiaus in poHition is attended «ith a certkin 
uiionat of difficulty owing to tim PUDrse of the transverse commissures (origin- 
ally runniughehind the nesophoKna) uonneoling this pair of ganglia. The following 
alternative is offered ns ; cither to snppose that a secondury prc-oral transverse 
\e that the transv^rde fihres, after the ganglia 
etain their original course behind the oeeo- 
pliaguB. Claiis [No. 78) believes that this pninarj connective retajns its original 
jKJsitioii in the adult, and he would identify as tliat structure the transverse 
jioat-oral connection between the oesophageal comniisstires, whidi is round in 
many Crustacea {Apstiults, Slomatopoda, Decapoda), lying in front of the 
mandibular ganglion. In other cases, this fibrous cutinective is perhaps fttsed 
with the transverse foumdssure of the mandibular ganglion. 

The quesUon now arises nlictber we are justified iu considenng the part 
of tbc brain lying in front of the anteunal ganglion as au originally aingl* 
(loiuplex, or whether, in this also, a separation into (two) conseculive segnieuts 
can be recognised. We most here mention Bat Lankkstkh's theory (No. 16), 
which diatingniahed in the Crustacean brain an anterior section connected with 
the optic ganglion under the name of arehiarebram, thia only being eulargod 
into a si/aembTvm when the ganglia of two following segments (the antennnlai' 
and auteiinal segments) are drawn into it. This view has been accepted by 
Packard (No. Sfl), who distiuguisbes in tlie brain of Axlliia as aeparate 
sections : (1} the optic ganglia, (3} the prt ' 
(4) the antennal ganglia. In this catie, n 
of the Annelidan brain, which develops o 

cerebrum atone, wliile the optic ganglia would Iw a secondary portion of the 
brain* arising dnring tlie later development of the [laired lateral eyes, and 
tlie antenniilar and antennal gongUa would be ganglia of the ventral cord. 
This view gtaiids opposed to that of Claims (No. 78), according to whiob th« 
antennnlar ganglia, together with the pivmerebrnm, formed an originally single 
complex, the priniiUve brain. This ])ortion, which is to be deduced from th* 
neural plnte of the Annelidan larva, contains the ganglia of the former median 
sensoiy organs (Nauplius eye, frontal organ) and tbs anterior antennae, which 
are morphologically Iu he homologised with the Annelidan palps already con- 
nected with the neural plate. This latter view would he supported by the 
oltservations of RmcuENnArH, aucording to which the ludinient of the coire- 
sponding part of the hrain is originally to he fou[id as a single complex at 
the bases of the tirst antennae, and only later breaks up into two paita of 
ganglia. A, certain ainunnt of support ia alEio afforded by the peculiar stmotnre 
of the first antennae, which, as carriers of important sensory organs, do not 
develop in accordance with the fundamental type of the Crustacean limb, a 
[Kiint specially emphasised hy Glaus and Boas. Stich a heteromorphoos 
structure of the antennule might, indeed, be secondarily acquired, and might 
be accounted for by its physiological significance already mentioned, as well as 
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by its position at the anterior eiiJ of tlie boily. Tlie vicwa nf Ray Lankistkk 
and Pai.kaud are siippt)rl*il most Btroiigly by Kingsley's statenifliitH con- 
ccrniug CncngoH (No. S6) : nut only was tho procerebrnra oiisprved to origiuata 
iudepciidcntly of tlie anteunular gangltoti, but the antennules and their pair 
nf ganglia were foutiil in a distinctly |>ost-oral jiosition. In ai^wpting this 
viow we should hare, indeed, to assume, irith Kay Lahkester, a backward 
waadering or tlie iuduUi. We niust, however, await further researches as to 
the structure of the Cnistacean bmin, and abora all, lu to the development at 
the niiole region now uuder consideration, hefore rorminR a decisive judgment. 

It is evident tliat, in ■ diwDssioa as to Uie primary Beginentatiiin of the anCe- 
riur region of the Crustacean body, the qneation of the morphological value of the 
first antenna comes to the fhtnt. Two altomatives are prespnted to oa ; we must 
either refiiaiil it as a tnie limb, although somewhat modified in shape, or else, 
with DoAS, deny that it has this significance, and consider it only as a stalked 
sensory organ (similar to tlie stalked eyes). Only in the Utter case can we 
regard it as honiolof^us with the primary cephalic tentacle of the Anuelida. 
We, however, hog many reasons for regardiug the first auteuoa as a true body- 
appendage. We have only to rroaH the similarity between its position and 
dovelopmenC and those uf the latter in the embryo, and its use for swimming 
purposes in the JVaiip/iiiS stage and in many Entomoatraca, in which tho first 
antenna is sometimes diverted to other purposes (e.g., climbing and socking). 
It is only in the higher Crustacea that this limb is distinctly set apart as a 
sensory organ. If these coasideratioDs incline tts to place the first antenna in 
the series of true trunk -1 in ilw, we then have to ssk whether the vestiges of the 
primary cephalic tentacle, so common among tlie Annelida, are not to be sought 
in some other structure. It is not difficult to assume this significance for the 
so-called fron'al lauonj organt (Fig. 123, /s, p. 269) found in the young stages 
of many Crustacea aa [laired peg-like or filameiilons processes innervated from 
the prooerebnim. This view gains in probability by a comimrisou with 
Ptripaliu, in whose embryos similar blunt processes have been ohserved, while 
the antennae of Peripaltia, according to their development and their relation 
to the coelomic sacs, must be couaidered as modified tnink-limlKi. If we held 
this vien-, tu whicli, naturally, we can only ascribe a hypothetical value, we 
shonld be led to distinguish, with Ray Lankksteu, three sections in the 
anterior part of the Cmstacean body whiuh oontains the bmin. There would 
be one actual primary section, originally the only pre-oral section of the body, 
with the procerebmrn, the eyes, and tho frontal sensory organs, and two sectious 
following posteriorly, trunk -segments drawn into the head (antennular and 
antennal segments), for which we uinst assume an originally jioat-oral position. 
We must, however, once more eraphasisE t!ic fact, before accepting any one 
of these liews, that in rliscussing these questions we are dealing entirely with 
hypothetical matters. 

D. Sensorr Organs. 

Of the details of the ilerelopiuent of the UDpaireil triple Nauptiut 

or Eniomosiracan eye* nothing ia hb yet known, but mention should 

• According to Clauh {Eaiaerl. Ak-a-l. WiaseiuA. Ant. H'int, 1881), the 
ITauplius eye is composed of three inverted cup-shaped eyes, in which tlie 
nerves enter the retinal colls from the side tiimod away From, while the rods 
are directed towaixls, the pigment cups. A uerUiu similarity with tho median 
eye of the Arachnoida is thus brought about. [BEltNABD (The Apodidae) 
claima to have discovered paired rndimenLi for the Nnuplius eye of ^jiuj.— Ed.] 
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be made of tlie observations of Leydig ami Grodbek, awording to 
which this oye has a paired rmUment. 

According to Ukbanowioz (No. 23), the eye in Cijdops is formed 
"of three ectwlemi-cella, each of which secretes pigment and becomes 
a refractive sphere." 

The development of tlie paired compound eye haa been best studied 
in the Decnpoda (Bobbbtzky, No. 41 ; Rkicbknuach, No. 65 ; 
KiKQBLEV, No. 52 ; Hsrrick, Nos. 48 and 49 ; nnd Parker, No. 
62). It haa also been ohserved in Mymt (Ndsbadm, No, 39), Para- 
podopgis (BoDTCHiNSKY, No. 3(a), and Braitchipus (Clatjs, Noa. 8 
and 9), The description of the development of the compound eye 
cannot be separated from that of the optic ganjilion. 

The simpleat example of the development of a compound eye 
is that of Branchipiis. The rudiment of the compound eye, as well 
as of the optic ganglion, can here be traced back to a pad-like 
growth of hypodermis, the superficial parts of which become trans- 
formed into the eye, while the deeper parts contain the material 
for the optic ganglion, which is connected with the brain. The 
several layers of cells which represent the rudiment of the eye, and 
which must he regarded as a simple thickening of the hypodermis, 
soon show an arrangement of the elements into a supcrlicial layer 
(which yields the corneal cuticle and the crystaUine cones) and a 
deejier pigiuente<l layer for the formation of the retinulae, the latter 
layer being connected with the rudiment of the optic ganglion hy 
fibrous strands. In the laUral parts of the whole rudiment there 
soon occurs a histological differentiation of the optic ganglion and 
of the ommatidia which compose the eye, whereas, in the anterior 
nnd more median iwrtions, a proliferating hypodermis of embryonic 
character (Fig. 85) is retained until a later stage; this constantly 
yields new elements for the enlargement of the whole rudiment. 
Strictly speaking, two budding zones {/c', k"), which are distinct 
from, hut in contact with one another, can be distinguished at tliia 
point ; one of these {It"), by the production of new ommatidia, adds 
to the size of the eye itself, while the other and more proximal 
{k') yields the elements corresponding to the optic gangHon. During 
these ontogenetic processes, the movable eye-stalks have arisen by 
simple outgrowth from the lateral parts of the head. 

The development of the eye in the Schisopoda and the Decapoda 
is very similar to that in Branchiprtn. Here also the compound 
eye arises from a thickening of the hypodermis, which from the 
first is in close connection witli the rudiment of the optic ganglion. 
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Even in i^arly stages, the outer and ciDterior pnrt cnn be distingui^lied 
aa the TuUiiBeiit o( the eye (Fig. 80^, p. 157, ami Fig. 83, o, p. 163), 
and the inner, posterior port as thnt of the optic ganglion (Figa. 
80, go, and 83, o', o"), Tlie latter is thus, from llie very first, in 
close contact, not only with the rudiment of the eye, but, proximally, 
with that of the aupraoettophageal ganglion. 

The rudiment of the eye is thus only a part of the ectoderm 
(Fig. H6 A) which becomes multilaminar and produces from its 
superficial layers the cells of the cornea and crystalline cones, while 
the lower layers give rise to the retinulae and the pigment^cells. A 
basal membrane 
secreted on the 
inner surface of 
this hypodertiiis 
(Fig.86,ru6) yields 
theiiientbranalimi- 
iaiu which bounds 
the eye on tlie side 
of the optic gan- 
glion. Mesoderm- 
elements are de- 
posited on tills 
membrane from 
within, and these, 
in Mijsi«, yield 

the pigment of the innermost of the three pigment-layers. In 
My»U, according to Kdsbadh (No. 39), differentiation occurs at the 
time when the stalked eye rises from its substratum, the first differ- 
entiation of the onimatidia appearing in that dorsully curved lamella 
which, by its furvature, causes the eye to separate from the food-yolk. 
In ihia lamella, a very regular arrangement of the cells both into 
horizontal layers and into vertical colnnins takes place early. The 
horizontal lamination separates the corneal cells from those of the 
crystalline cones, etc. The vertical arrangement gives rise to two 
alternating columns of cells, which we may distinguish as nnimateal 
and intermediate eolumns. Tn each ommatcal colunm, the most 
superficial transverse layer is formed by two corneal cells (Ci^trs, 
No. 78) destined to secrete the corneal lens ; l>e!ow this comes the 
layer of the crystalline cone, also consisting of two cells. In accord- 
ance with this number of cells, Gbbnachkr was able to prove the 
origin of the crystalline cone from two separate segments, the 
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boundnripB of wliii^li can be recognised in the achilt crystalline cone. 
The cells in tiie lower layers of tlie onimateal coluuin uo doubt give 
rise to the elements of the retiaulae, but Kusbaum is inclined to 
derive these from the intermediate columns. Clahs derives from 
these columns the anterior and posterior pigment -cells which 
Btirround the crystalline cone in MyaU. The observation of these 
processes is rendered difficult by the early deposition of pigment 
which is to be found within the rudiment of the eye in two layers, 
and in a third mesodermal layer below it. 
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The sccQuiit hero givta of the ontogeny of the eye in Mysit resemble* thkt 
given by HEsni<:s (No. 48) in ooanection nith Alpluui, snd Parkek (No. HI) 
for Homani*. The optio lobts here develop, by proUferatiaii of the ectoderm, 
into s nmltilamiuar ntdimeut (Fig. 86 A). (Hbrkick con«ders tb&t indiflbtent 
elements ont of the yolk also contribute to their fortnation). There then take» 
plut* a aeparation into a Buii*rGci«l and a lower psrt (Fig. 86 B and C), Tbe 
first layer {rainagen) becomea the nidinient of tbe eye (r), while that of the 
oplic ganglion {go) arises Trom the cell-iliaas of the lower layer tgangliegm). In 
later stages the two lajara are separated by a, cuticular basal membrane, through 
whicb strands of nerve-flbrci pass. In tlie nidiment of the eye itself, whioh ve 
have called the retinogen. the scjarate ommatidia are said to develop (HsitRieK), 
the corneal cells forming into groups of two in tbe most auperHcial layer, and 
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tliL' crystalline coiie-celU into giouiB of foui- iii tlie subjacKut layer, wliilu, ia tlie 
lowemioat layi-r, the uella of the retinulno fanii biiudles ol Mveu each, these 
liuDdles r«»ching and enclosing the lowermost, poiute;! endi of the cells of tlie 
orystatline cone. The se]«rate rudiments nf the Dnimatidia are difided lir 
□umerouB imdilTercDlialed ectoderm -cells. 

In this lost point the acconnts of Parkbh and Herhick diifer. In Hovinrvi 
it is said (Parker) that the separate r^idjnieuts of the oninistiilia Me close to 
one another, and are not separated by any kind of intermediate pillars. Three 
\ayera can lie diBtingiiiahed ; from the outermost arise the corneal iiypodetniis- 
eells and the anterior pigment-cells (distal retinnlac), froiii the median layiT 
the cells of the crystalline cone, and from the lowest the actual retinulae,* 

The paired lateral eye of the Isopoda also develops in a similar way. In 
BuLl-AR'a account of CymoUuia (No. 81) tlio mdiment of the eye stands in close 
cnnneetion with that of the optic ganglioou The two proceed from one and the 
same ectodermal thickening. While the inner layers of this thiclcening heootne 
detached for the fonnatiou of the optic ganglion which is connected with the 
brain, a superiicial hyiiodertnal thickening becomes marked off 1>y a pigmented 
baaal membrane. Tliis hypodernial tliickening represents the mdiment of the 
eyp, in which the sejjsrate ommatidia neotupd to 1« marked off from one another 
by a strongly jiigmeutvd mantle of cells. The details of the development of 
the ommatidia were not followed in this case, 

In the cases we have hitherto described, the development of tlie 
eye is comparatively simple, but in Ag/acun (Rkicubnoacu, Xo. 65) 
and Crangon (Einoslet, Ko. 52) compticatiou occurs lbroiif>h aw 
invagination whicli forms on the boundary between the rudiment 
of the eye and that of the ganglion. Tliia invagination, which, 
according to Keicbbnbach, ia replaced at a, certain stage of develop- 
ment by a more solid ingrowth, gives rise to the optie fold between 
tlie rudiment of Lbe eye and the gangliogen ; in this fold an inner 
and an outer layer are recognisable. Although Kbcchenbach did 
not closely follow the future fate of the optic fold, it appeared 
probable la him that the outer layer enters into tlie formation of 
the eye and yields the retinular layer, while the inner fold enters 
into the formation of the optic ganglion. It was pointed out, 
especially by Carri^gk (No. 44), that in such a method of develop- 
ment of the retinular layer the position of its cells is reversed, their 
basal ends being directed towards the cells of the crystalline cone, 
and their upper ends towards the rudiments of the ganglion, and 
that we must thus assume a later re-arrangement in the retinular 
area, such as takes place among the Araiieae, hut has not yet 
been observed among the Crustacea. The suggestion made by 
Patten appears to iis probable, viz. — that the optic fold has nothing 
tn do with the formation of the eye, but merely yields the material 
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for the enlargement of the optic ganglion. If so, it woutd correspond 
to the proximal budding point (for the enlargement of the ganglion, 
Fig. 85, A') in the eye-stalk of Branchipw. This Inst view has 
recently been accepted by Kikgslbt also, who originally thought 
that the layer of the cryslalline cones aud the rctinular layer arose 
from the outer wall of the optic inVRgination. 

The above view reedves itn chief support, u CAiiaiftRE pointed out, from 
the position of n pigmented layer of nie«i>derni'«rl1a, vhiali. according to 
Keicbekb.icu, dtvelopH bctnceii the outer wall of the optic fold aud its 
crystalline uone-lnyer, and whi<:li ia, nevertheless, evidentlj identical with 
tlie layer of pignient*c«Ils belov the basal meiubraue of Che eye, detcribed 
above (]i. 189) for Uyau. 

With regard to the significance of the separate parts of llie ommatidium, 
as to which GHKNAcaRit and Pattbn have recently taken opjioaito viewi, 
attention should be drawu to Parker's observations, which revealed a coii- 
nectiou of the ratinidar uells with fine nerve-fibrea, while the crjatallioe 
cone-oells, which doubtless reach to the bssal membrane, end at that point 
Tliis is in agreement with the view of Gbskacbrr, who saw iu the retintUsr 
cells the iiercipiaut eletnenta, while Paitbs considered that ihe ciystAlliuc 
coue-cells known as retinophorae were the elements connected with the nerves. 

In the development of the compound eye of the Cladoceiu, which was c*rft- 
fully described by Grobbbn (No. 11), special interest is awakened by the 
fornuttiun of an in tegumental fold which grows over the eye, cutting off a 
hemispherical precorneal space. Tlie movement of the sunken eye is thiu 
assisted. Sirnilar conditions are found in Jpiu, EMIifrin, Limiiadia, and 
Limntlia. The compound eyes, in these forms and jierhaps also in the 
Ostracoda, may be lagarded as movable stalked eyes witli dcgeneraEMl atalka 
which Iiave sunk l«1ow the surface. Where, as in tlie Cladocera, an unpaired 
compnimd eye is found, this must be considered to have arisen by the fuaion 
of paired rudiments. 

An audifirry urgan was observed bj Kbichbndach (Xo. 65) in 
A»laeu», as a dorsal invagination in the basal joint of the antennule. 
Even in early alages, the ectodermal sensory epithelium, which 
probably yields the auditory ridges, is distinjjuiahed by the niulti- 
larainar and regular arrangement of its cells. Ndsbauh (Ho. 39) 
Gijnilarly was able to observe the origin of the auditory sac ia 
Mysie in the cndopodite of the last pair of pleopoda out of an 
ectodermal invagination. 

£. OillB. 

The branchiae tirst appear as simple outgrowths of the superficial 
body-epithelium (ectoderm), within which lacunar blood-spaces 
Irnversed by connective tissue-atranda develop (Rbichenb&cb). We 
may with some probability regard all the branchial sacs or tubes 
which belong to the outer side of the basal joints of the lirahs, 
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and cBii tlius be described as ejdpodial ijillx (p. ISri), as homologous 
stfuctiirea throughout the whole of the class Crustauea. We may 
also, perhaps, derive tliem from the branchial tub*s of the Annelida. 
On the other hand, it must be pointed out that hrandiial outgrowths 
develop at other points also, e.g., on the exopodite of the pleopoda 
{SijuUla), or on the eudopodite of the same limbs (Sinella), as 
dorsal appendages in certain Ostracoda (Agtet-ojie), as mantle-foKls 
in the JJatanidae, etc. These naturally cannot he lioniologised with 
the epipodial gills. The epipodiul branchial sacs present in n sinfjle 
row in the Phyllopoda are replaced in the Pecapoda by three rows 
of branched tubes, which, according to their exact points of attach- 
ment, are diatinguisheU by Husi.bt as jMiiuhranchiae, mihrobiatichiae, 
and pleurohranehiae. Instead of these, wa find in the Eupkauaidae 
and Lophosashidae only a single row of dendriform branched tubes, 
8o that Clahs raises the question whether the three rows of gills 
of the Decapods may not be derived from the principal branches of 
titc Schizopodan yiU which have shifted apart. 



F. Intestinal Canal. 

The intestinal canal arises here, as in most groups of animals, 
from three separate ruiIinieotB, the fore-gut and hind-gut arising as 
ectodermal invaginations (the stomodaeum and the proctudaeum), 
while the mid-gut is formed from the cells of the entoderm. Whereas 
the two former approach their adult form by a series of comparatively 
simple changes, the development of the latter ia brought about by far 
more radical ontogenetic procesacB, on account of disturbances dtio to 
the presence of the food-yolk, these processes also varying in the 
different orders of Crustacea. 

Th^ra is somo variation Biiioiig thfi 8nb-grou|iB of tlje CnisUoea with regard to 
the time ot the appearance of tlii' fore- aud bind-gnts. In the Enloiuiistmca, 
■lie nidinieut of llie fore-gut, na a lale, appears fimC. TliiH is alio the i:aae in 
Atfllui, Qammarui, and ityiis. while, III (hiUcus, tli« hind-gut develops first. 
In the Deoa]xida, the pcoctndieal invaginatioTi ustuilly appears first, a fnvt 
uonneeted with the Birly development of ths alidoniea. 

The position of tliis invBgination with relation to the elided blnatnpore is of 
iniportunce. In Moina, according to Gruduik, the point at whiuli the blastopore 
closes eorresjionds to the oral apertttrB, wliile in the Deoajioda, it always lies cliise 
to the fature anal orifice. Accoi'ding to RmciiKHnACH, iti Aitacue, it lies ioni«- 
vrhat behind the point at which llio anal aperture is fonning, as is also the cose 
in Atyephyrii (IstatKAWA). The opposite, according to LKnEDiNSKr, holds 
true for Eriphin, Here the proctodaeal iuvoginatiori develops hehind Ihe 
hlastopore. KtsosLEY, on the contrary, Iwlieves that, in Crangon, the proclo- 
i]aMl inTagination oorrespondi exactly to the jxiint at wliioh the blasta|iore 
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tlosed, thia Iwiiig also maintninwJ liy Boiii:et!1kv for Asluau and agreeing 
with P. Matkk'b Bctoiuit of Eii]Higii.rm. HoEK found tlint, in tiie free-Imns 
Copepoda, tlie point at which the blastopore had closod corresponded to the 
poBitiun of the future anal aprrture, and Nassonow made the sanie olservalion 
in Balaitiu, eu that, as a rnte in the CrusUcea, the position of tbe bUstoport 
maj l>e nsininied tu be ill the neighbourhood of the anal aperture (p. HI). 

The tblie at which the t1ire« riidimeuta unite to romi a single ranal TaricB 
according to the stnge of developnient at n'hieh the larvn leaves tlie egg. In 
the Iree-living Copepoda {Celocltilun), the intestinal c^anal is conipleted at an 
early stage, while in the Dcvapoda, conimunjuation is estaMished bet*MQ the 
fore- and hind-gute aud the mid-gut usually at a later st^ge. The hiud-gnt 
here ap|iOsrH to show its adult atnicture sooner tlian the fore-gut. 

We have tis yet very little accurute information as to the manner 
ill which the iiiiil-gut develops in the Entomostroca. In Moina, the 
eutoderin-cellB liret form a solid strand, a cross section of which 
revoaU a radial nrraiigemetit of the cells, but no lumen (Grobbbs), 
In Ceiochiliia, on the contrary, the entoderm-sac which is formed by 
invagination seems to l>e transformed direct into the iniJ-gut, In 
many other Entomoatraca, the mid-gut rudiment can be recognised 
as a central mass of cells filled with food-yolk {Bal'iiiua, Lano, 
yAHBOHOw). In later stages, the nuclei of the entodcrm-cells, with 
the protoplasm which surrounds them, migrate to the surface, and as 
the foixl-yolk is gradually assimilated, the cavity of the mid-gut 
appears within. This is also the case in Pidaenion (p. 132). In the 
parasitic Copepoda also, the mid-gut, according to Yan Benbukn 
(No. M), api>ear8 to develop in this way. The mid-Rut, filled with 
food-yolk, is connected at its anterior end with tbe stomodseal 
invagination, and at its posterior end witli the proctodaeal invngi- 
niition. 

The development of the mid-gut is hest known in the Decapoda. 
In A»t(KU^, where the cells of the entmierm-vestcle absorb the 
whole of the food-yolk, without thereby disturbing the coiiforraalion 
of the vesicle, the epithelium of the midgut arises by the shifting 
of the nuclei U> the surface of the yolk-hearing entoderm-pyramiils, 
a separation of the cells from the food-yolk there taking place; aa 
the entoderm -cells increase in number they become arranged into an 
epithelium which now covers the surface of the disappearing yolk 
(p. 130). At the same time, tbe whole rudiment of the mid-gut, hy 
constriction from without, assumes a lobate form. Faired anterior 
lobes form which become connected with the median rudiment of 
the mid-gut. at whose posterior dorsal portion can be recognised 
another swelling, the rudiment of the dor^l caecum of the mid-gut 
The development of the miil-gut epithelium just described fitst takes 
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])l.ice al the I'lihit where the entoderm- vesicie and the niJimeiit of 
the hinil-gut are in contnct, nnd where soon an entodennal epithelial 
plate iMn he seen (Fig. 63 B, fp, p. 131). The same has been 
ohserveii nt the point from which the formation of the hepatic tubes 
commences. Separate centres of epithelial fonnation are to he found 
at the anterior, lateral and po.'fterior parts of the mid-gut correspond- 
ing to the anterior, lateral, and posterior hepatic lobes of the adult 
animal ; at these points, the epithelium soon grows out to form the 
primary hepatic tubes. The rudiment of the posterior pair of tubes 
seems from the first to he connected with the entoderm-plate described 
above. As the epithelium continues to grow over the rest of the 
entoderm-vcsicle, the central part of the alimentary canal arises, 
receiving the efferent ducts of the mid-gut gland (liver) ; this central 
part, in the adult, is of no great extent. Its musculature arises by 
the deposition of mesodermal elements. 

The stoniodaeal invBgination soon becomes divided into a narrower 
oesophageal portion and an inner and more swollen portion, the 
rudiment of the so-called stomach. In the latter can )« recognised 
the rudiments of the tooth-plates as epithelial thickenings, and those 
of the gastrolith-aac as two diverticula diverging on the ventral side. 
The younf,' Axtaetts hatches with two completely developed gastroliths 
(Reich EN bach). The mid-gut becomes connected with the fore- and 
hind-guts only at a Inle stage. 

Tile miil-f^at devvlop« in n sitniUr manner in those Decspodi in which tlie 
eutodemi-Mc does not rebiin its continnitj, !mt braakt op into siugle cell- 
elem«nU, which become distributed is the Tond-yQlk {FalaeiiiOK, Eupagtirvt, 
Eriphia, Alyepkyra, Crangim, etc). Ill these alea, the entodeniis! elements 
finally rise to the iiirfiof. anil yield the mid-gut in the way described above, 
Here also the first Biijicurance of this I'pithehiin) was observed in coiilnct vitli 
tlie blind iuupr end o{ the proctodical inviigiuaLioit (Fig, 64 (', ep). Tliree 
pairs of originally distinct iiejvitic rudiments, huuever, apjiekt to l>e added 
to it {VrangoH, Kingslev). 

Tlie formation of the mid-gut in the Arthrostraca differs from 
the type above described as occurring in the Decapoda in that here 
the mid-gut epithelium does not proceed from elements scattered 
in the food-yolk, hut from a paired lateral mass of cells which lies 
superficially on the yolk and gradually grows round it (p- 139, etc.), 
while within the yolk, vitcllophags are found only in isolated 
cases {Oiiigem, JTusBAtru) ; in other cases (Piireelliti, Amphipoda), 
cell-elements are here altogether wanting. By the gradual circum- 
cresceuce of the yolk from the two sides by the paired entoderm- 
rudiment, the mid-gut vesicle closes, the very Ini^e primary hepatic 
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sacs forming 1iy constriction at its sidya. Tliese hepatlL' sacs give 
rise later, Tty loiigitudinal constriction, to fonr or six lubes. In 
some cases {Oiiionie, Caprella, Sunamplnl/ioe), the foriuatiiin of the 
hepatic tubes precedes the development of the mid-gut vesicle. In 
most cases, the chief part of the entoderm is uee<l u]> in the forma- 
tion of the hepatic rudiment, only a sniall part entering into the 
formation of the central portion of the intestinal canal. The latter 
is almost exclusively composed of the fore and hind-guts, only 
a short tract in the immediate neighbourhood of the openings of 
the hepatic tubes being entodermol in origin. As diverticula of the 
posterior section of the mid-gut, there arise in Oanimanis (PkhbYjIS- 
lawzkwa) those paired tubes {urinary glands), the entodennal nature 
of which was recognised even in the anatonii<^ researches nf 
NBDB3K1, The homologiaiug of these urinary tubes with the Mal- 
pighian vessels of the Iiisocta is on this account inadraissible, the 
latter belonging to the hind-gul, and therefore having an ectodermal 
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The ubservatious of Bl'llaji (No. 81) on tlie development nf tlie mid-gnt in 
Cymolhoa ore iu fairly close Agreoiiient with tlinw oC NusnAUH for Oniteua. 
Tiiera ore, however, uo so-called yolk-cclls het'c iuside tho very cDDuileral'le 
niiuu of food-yolk ; the fomuition of the mid-giit proceeds from the inner 
oell-layet of the genn-banil. The firat trsca of a Mjiarate »iitoderm»l rodiment 
is round in ■ jiaired mam of cells lying somewhat behind tlie atomodaeal 
iiivaginalioii ;. this mass of iwUb gives liae to tliree pairs of heiatio tubes. 
At a later stagi.', u layer or cells GonQ«ct«d nitb tbe epitheliiiiii of the hcpstic 
tubei grown over the vrhole of the food-yolk. Tbe rudiment of the niid-^t 
now cousists of the yolk-vpsicle thus formed and the bopatiu tiibei commnui- 
citing nitli it. Tbe anterior end of the yolk-vesiule U connected nith Uio 
sComodaeal invaginatiou. The proclodaeal invaginatiou, on tbe contrary^ is 
not in contact with the posteiior end of the yolk-Nac, but runs forward over 
its dorsal side so as to pass into it quite near the stoniodaeal invagiuation. 
The yolk-vesicle appsara now as a ventral diverticulum of the alimentary oaoal, 
hut, OS most nf it undergoes nlonrption, it resolbt that here alw only quite a 
Bniall ]iart of the deiiuitii'e intestinal canal near the points of entrance of the 
hepatic tubes belongs to the mid-gut (^, p. 139 on Ligia). 

The above description of the fomuition of the mid-gut in the Artliroatraca, 
founded on tbe observations of Bl'j.i.ar, Nl'hhaum, Pekrvaki.awzswa, and 
RosaiJSKAVA, sppties, accorliDg to NrsnAiw, to Myi^ also (figs. 6S and flS, 
p 13S). The entoderm here originally lies as a mass of cells in the nunt 
|iostcrior section of the germ-band (p. 131). The entodunU'Cells noun iuorcM* 
in nunilwr. and sprend out over the whole ventral surface of the embryo, 
later stage they also reach tlie lateral and dorsal parts, tbe food-yolk in 
way becoming surrounded by a layer of cntodenn-™l!a While this cii 
crescenco is going on in tbe posterior {>art of tbe embryo, the cntodenn ii 
anterior part (behind the mandibular segment) forma two lateral \_ 
oonsiating of large granular colli (Fig. 86, I) ; these are the rudimeuta of the 
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hejuitip tijliea, wliicb bcpoTne TOiinePted later oii tlie ventral side by eulffllormal 
cpithtiliuni. Two longititditjal folds arise and fuse with the iontirdly curving 
■edges of the grooves, nod thus separate the liepatic tnlies from the niiddU 
portion of the intestinal esnal. At tlic same time, the hejMtic tubes become 
divided through longitudinal folding into four seeondaiy tubes in the aame 
waj as in the Artiiroittraca. It sp[iears that, in Mytia, when the mid-gut 
vesicla forma, the whole of the food-jolk is not taken up intu it, but part of 
it comes to lie in the cephalic region outaide of the intestine, and thus in 
tlie bodj-cavi^. The food^jtolk has a siinitai' position in Moina. 



G. Heart. 

In describing the develoimient of the heart, we must take as our 
starting point the observations made by Claus (Nos. 8 and 9) on 
Braiithipiis. The somatic Uyei of the mcaodemi here forms a cell- 
stratum originating on the ventral surface, and now divided into 
separate segments ; this mesoblast gradually grows upirards under 
the lateral parte of the integument The dorsal edge of these 
Rowing mesoderm-segments is formed by a single row of large 
cells (cardloliIa^B, Kusbauh, Figs. 87, e, and 88 A, c), which later 
assume a creecentic shape (Fig. 88 B, c), bo that a channel is now 
formed on each side. These semilunar channels, meeting and fusing 
in tba middle line, give rise to a dorsal tube (Fig, 88 0, c). The 
latter is from the very first divided up int« separate segments 
^chambers) corresponding with the primitive mesoderm-segmenta ; 
the boundaries of these chambers persist as the lateral ostia. This 
origin of the heart seems distinctly to show that its lumen must 
be considered as a remains of the primary cleavage -cavity (BOtbohli, 

ScaiKKBWITSCH). 

The iHtia develop at the boundnriea of the mi'Soderm-segmeiitH. The uatdlo- 
Hast* l)eoonie transformed iuto the iiinstlu-cellB of the wall of the heart 
During their development, the latt«r have their lower ends connected with the 
ilarsal portion of the intestinal muscledayer. Froni this |ioiut, a horizonta! 
aeptum stretches out towards tht< body-wall ; this is the jtencanlial diaphragm 
<Fig. as C, >), which separates an upper portion of tho coelom containing the 
heart Trom the rest of the bndy-cavity. This septum is found in all Cnuticea, 

The heart of Oniaeus develo^n in a similar way by the fusing of two grooves 
whiuh arise from a single row of cells on each side (Nvhbavii). The formation 
-of the heart in the Ampbipoila (Peiikvaslawzewa, Rossuskaya) also posses 
through n similar stage. While, however, in Onacui, the posterior jiaits of tlio 
body develop first, and the formation of the heart proceeds gradually from 
behind forward, in the Am[ihipoda, the heart begins to form in tlie middle 
region of the body. A vascitlai' tnink arises simultaneously in front of tho 
dorsal organ in the same way. The two mdimonta only fuse after the dorsal 
organ has degenerated, that organ retarding the development of the single 
danal tahc In the Amphipoda the fusing of the two grooves takes pl«ce in 
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eilith a manner tliikt tlie venti'sl prccpdes tlie dorsal riisioti. Ttiia leads us to the 
condition observed in tha Decapods. 

In Ailaaa, the first mdinient of the heart is to lie recognised as an scclimnla' 
tion of mesoderru-celtH in tlic miat posterior part of the embrjouic disc (Fig. 6S 
B, h, p. 131), ttnd thos behind the point from which the veutrallf cnrved 
thoracn-abdominal region sriaea. In yections it can be seen that these meaodenn- 
ocIU unite to form b trausverse plate which becomes opposed to the eoloderm en 
eaob side. The cavity found between the ectoderm and the plate of cardioblasts 
is the future lomeu of the heart. This plate already ahowa slight pulsation, in 
which the ectoderm i>a8sirely participatos. before it ctirres round dorsaJIy to 
form a tabo (Rbicbbnbacu). A aimilar coaditiou is described by LziiKSiiieKT 
for Eriphia (No. 67). 
The heart of MysU develops in a manner analogous vrilli that of Onireiit. 
The lieart here arises as a cavity in a kind of 
dorsal mesentery formed hy the fuaion of the 
lateral edges of the somatic meaodeTTQ. Its- 
formation procoeda from behind forward. 

As the primitive form of Crustacean 
heart we must asaunie a long dorsal vessel 
provided with numerous segmentoUy- 
arronged jiairB of ostia; such a heart 
has been retained in the Brancliiopoda 
(Fig. 95, /i, p. 202), and also occurs in 
the Stomatopoda. The sliort, sac-like 
heart of the Cojiepoda and Cladocera 
is a degenerate form of this elongate 
type. Such degeneration may lead in 
small Eutomostraca to the entire dis- 
appearance of the heart (many Copepoda 
and Ostracoda). In the same way the 
(■rtcr CLAcg), c, uiitUobiaata ; short sac-Hke heart of the Becapoda is 
*.c«n!inc<»vity; B>,.ne»oderqi. probahly to he derived froiu an elongate 
oatia. type of heart, such as is found in the 

Stomatopoda and Leptostraca. It seems 
probable, from Claus's researches on the vascular system of the 
Stomatopodan larvae with regard to the origin of tlie arteries, that 
the heart of the DeeapoJa corresponds to the most anterior portion 
of that of the Stomatopoda. 

H. OlandB. 

Two pairs of glunils which occur in the Crustacea must be 
regarded aa modified segmental organs. Tliese are tlie antennal 
gknd (gteeu gland) and the shell-gland. Rbichendach (No. C5) 
and IscBTSAWA (No. 51} have maintained that the former arises as 
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an ectodermal invngination, while Kinoslkv (No, 55) hag proved 
Ibat, in Crangon, it arises from a collection of mesoderm -cells, and 
only secondarily does the vesicle open externally. The ineeodermal 
origin of the shell-gland has been established in the case of tho 
Cladocera lij Gbobbbs (No. 11) and Lebbdinbkv (No. llu). 
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Oar b«Iicf that these two glaada, which rntTBerly were often confiuwd with 
one anotlier, are the homologiies of ths Annelidan segiuenCal orguDa, reate 
partly on the stalemeuts of LeyIiID and Gkoekbaiir. This iaterpretation 
of Lha anCennail gLuid is supported chiell; by the carefnl anatomical reae&rches 
□f Grobben', and by the agreement thereby revealed between the sti'ucture of 
this organ und the nepbridin of Peripaita, so thoroughly uivedtigated li; 
SEiMiivick. According to Grobbkn, we miwt distutguish in the auteaanl 
gland (ui the Entomostracan larva aa well na in the adult ttalacoatracan} two 
aections — an "end-sao" and a much-coiled tubular portion whicb often eularges 
before opening on the basal joint of the aecond antenna into a vesicle (urinary 
bladder). All theae separate parts of thu gland may become more complicated 
by the development of secondary diverticula. In rewnt I'esearches, in which 
the indigo -carmine injectiona recommended by Kowalevkkv were used, 
Weldon (No. S8),* working on Palatmrm xrratut, concluded that the structure 

, and Weldon, Quart. Jaum. 
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of lhi» urinary organ was far more oomjilicaWd tbaii is generally belieired. It 
had been thought probabla, froiii inveatigatioD of Pcripalus, that the "end-uo" 
of the aotettnal gland might be conaidr^red a« the veatige of the coelomio wc 
oF this segment. But Wei.dok found in Fatatmim ■ large coelomic sac Ifing 
in front of the genital glands and not uoinmnnicating with the rest of the 
body-eavity, but connected with two nephridial canals running forward to 
the right and left : these loat widened out to form the urinary bladder. To 
this canal system, the "eud-sac," which may l>c comjiaTcd with the Malpighun 
glomeruli^, is a latvral addition conuectoi with the nrinary bladder by fire 
glandular tubes. As the reUttions of the body-cavity in the Cntstacca are still 
far from clear, further investtgatioo of this remarkable condition is very 
desirable. In the muautime, it is perliaiis adviaable to adhere to the views 
put forward by Grobben. 

That the al)ove jmira of glands and the parts of the wid-gnt participating 
in the formatian of the excretory products (in Copepoda and Aropbipoda) are 
by no means the only excretory organs of the Crustacea is proved by the 
erperiments of Metbcbsikoff and Kowalbvhky {Biol. Cmlralbl,, Bd. iit.l 
mentioned ahove. These authors, by means of ooloured iiyeotions, demon- 
strated the presence of small tubes in the thoracic liniba of Hysis, in which 
the colouring niatMr accumulated, and of cell-groups in a corresponding position 
in Nebalia. 

Lebeuinkkt (No. S7) has described the development, in Eripkia apin^ft-otu, 
of a "segmental organ," arising as a paired outgrowth of the soniatoplcnrft. 
The tube thus produced lengthens out anteriorly and foruis a coiled can«l, 
which enters into oonminnication with an ectodermal invaginatiou iu the cox&l 
joint of the first pair of maxilli pedes. 

L 0«iiital Organs. 

Our knowledge of the development of the genital organs in the 
Crustacea is as yet very fra<[iuentnry, The rudiments of the genital 
glands belong in all cases to the meaoderni, Gbobben (Xo 21) 
found that, in CetochUns, the genital rudiments arc paired in the 
Naupliug stage, and lie ventrally to the intestinal coiial. Only later 
do they shift dorsally to a i>osition above the int«atine, where they 
unite to form a single gland. Each of the genitul rudiments consists 
of a large special genital cell, and of adjoining niesodorm-cells which 
yield the envelopes and efferent duets.* 

with its paedo-pu-tltenDgencais, the genital 
unpaired genital cells an early as the time when 

• (Hackkb {Anhiv. /. taikr. Anat., Bd. xlii,, n. 35 ; " Die KrimUhn von 
Cyclops") trai:es the rudiment of the genital gland to a single cell, wbioh i* 
completely isolatol at tliu thirtr-two-celled stage, and which can be identifisd 
from the first cteavHgc which luvidea the egg into tivo cells, one of which is 
purely somatic, while the other (the " Kbrnohenielle ") gives rise to a certain 
number of hlastoinereti (three), hut always retains ita individuality, and fioally 
divides into the primitive entoderm and the primitive genital cell. — Ed.] 

t In Daphnia similii, Lkbkuinsky (No. 11a) was unable to distbgniah tbe 
genital cells at aa early a stage as is possible in Jfotna. Even in the AiiupMw 
stage, the genital rudiments were indistinguishable. 
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the genn-l>ycrs lepanilR. A cell-mass ttming from these bj division shiFtB 
nithio tlie pnibryo, and there forms au unpaired plate lying dorwUy above 
the nidinient oS the mid-gnt ; tiiia plate only SDcaudarily divides iuta two 
halvea. The above mass of cells is invested latvr vitb u rui-sodBrmBl enveloiie. 

The statements of CkArs (No. 9) in connection with the development of the 
genital orpuis iu Braiuhipat are of importance. The nidimaut of the genital 
glands ia here a paired ftnnd lying in the three or foui anterior aegment« at 
the sides of the alimentary canal, and recognisable even in early stages. The 
first development of the efferent ducts, however, taki^s place at a later stags 
of sexual dllTerentiation (p. 200), and proceeds from a traneformatioa of the 
twelfth and thirteenth post-cephalic segment into two pairs of genital swellings. 
The latter, in the female, join in tlie median line, while in tlie male they remain 
separate. In both sexes the geniUl swellings of the posterior segment are grown 
over by those of the anterior segments. The fused sneliings then appear, in 
the female, aa a broad median promineneo, or in the male as paired lateral 
prominences. The cell-material found in the genital swellings is utilised in 
anch a -way that the mesoderm -eel la yield the elferent apparatus (ovidnot and 
ntenia — seminal duct and seminal vesicle) aa well as the acctssory glands, while 
an ectodoniial ingrowth on the second pair of swolUnga lH!oomcs, in the femals, 
the short e^itemal pnrtion of tlie uteras (vagina), and, in the male, the long 
prntmsible cspnlatory oigan (cirrlius). 

In th« Decii|K>da, the genital rudiment hoa only heen observed in the ktoat 
stages of embryonic life. Bobrbtekv and Rbichenhach (No. 65) coi^ecture 
that it is repreaented by two cell-strands which lie a1>ove the Intestinal canaL 
According to Bobritzkv, these lie in the mid-gut region heiaw tlie pericardial 
septum, whereas Rsicseksal'h observed the rudiment in the posterior Begments 
in the hind-gut region. 

Ntisbaum (No. 39) fonnd the genital rudiments, in Mysia, as a paired group 
of cells lying liehind the hepatic mdiment When the hepatic tubes develop, 
thia rudiment shifts towards the dorsal aide, and later prolwbly fuses to form 
an unpaired rudiment lying between the heart and the intestine. It appears 
doubtful whether a few large cells observed in the ectoderm at the time when 
the genninal layers form, and which later tie in the abdomen, are really, a« 
authors maintain, to he identified as the genital rudiment. 

Although, for general reasons, we feel inclined to attribute tho genital rudi- 
ments to tho mesoderm, Peukyaslawzewa and Bohsijskawa (Noa. 70 and 73) 
dBfivo the genital cells in the Amphipoda ixom the wall of the inid-gut {!). 
According to these authors, a few entodeim-cells leave the mid-gnt epithelium 
(in Orchatia, the hepatic tubes also), and, surrounded by aniesodermal envelope, 
became the mdiment of the genital glftnda. It i« well known that such an 
raigin was asserted for these glands in Feripalta by Sbdowuk. 
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n. Metamorpbosis. 
1, The Naapliufi Stage. 

The most typical feature of tlie iiietnmorphoaia iE the Crustacea, 
and tlierefore, perhaps, the most convenient one with which to 
commence our study, is the so-called NaupHue stage. In those cases 
in whieh the young animal is hatched at a later stage of develo]v 
ment (e,^., in the Cladocera, the Arthroatraca, and most Decaixjda), 
the Naiij/lius stage is thrown back aniong the series of embryonic 
stages ; nevertheless, we commonly find that this stage is indicated 
by a period of rest, such as an ecdysie of the Xauplius integument 
(p. 118). 

The Nauplius body (Fig. 89) is as a nile oval, the anterior end 
lieing the more rounded, and the posterior the iiarro\Ter end of the 
body. In other respects, there is great variety in the shape of 
the body. Dorsally compressed, laterally compressed, long, and even 
broad NaupHi are to be found. The possession of three pairs of 
limbs — the future lirst antennae (a'), second antennae (a"), and 
mandibles (?«<()— points to the fact that, in the NaupUus, we have 
an already segmented larval form. This segmentation is, however, 
not externally recognisable in the body of the Naupliw, although 
the limits of the segments may be indicated in the ontogenetic 
stages which lead up to the Naupliug (free-living Copepoda, Cirri- 
padia). Typically, the Nauplius has no shield-like reduplication of 
the dorsal integument, but such a fold (which usually only appears 
lit a later stage) may be distinctly recognisable in individual cases 
(Cirripedia, Fig. 102 A), or at least may be indicated by a slight 
fold in the integument of the dorsal surface. The posterior end 
of tliB body is still without the ]mired furcal jirocesses, hut is armed 
with paired setae (furcal setae). The most anterior pair of limbs, 
the first antennae (a'), are uniraniose, and consist of few joints or 
are still unjointed. They serve for locomotion, and are also of 
importance as bearing sensory organs. The two pairs of limbs 
which follow these arc developed in the form of biramose swim- 
ming liraba. The first of these, the second antennae (a"), lie at 
the sides of the mouth, and are distinguished by a strong, hook-like, 
masticatory process springing from the basal joint. The third pair 
of limbs, the mandibles (i/id), also function principally as locomotory 
organs. A masticatory blade is not, as a rule, developed on the 
basal joint, indeed, tliis structure, so characteristic of the appendage 
in the adult, is hardly indicated, although it may in 
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occur here. The U-shaped auUnnal gland (at) opens externally un 
the basal joint of the second antenna. The oral aperture which 
liea between the two antennae is overhung by a large upper lip 
(labnini), and leads into the alimentary canal, in which can lie 
distinguished a short oeeophagus, a widened mid-gut, and a hind- 
gut. The anal aperture may be wanting in the first NaapUu* 
stagea {Ceioehilug, Ci/dops). It has been observed in many cases 
that this aperture origin- 
ally opens on the dorsal 
surface (Cirripedia, Fig. 
103, p. 212; Cetochilun, 
Fig. HI B, p. 233; em- 
hryoniu stage in the 
Cladocera, Fig. 72, p. 
U7), the aperture shi/t- 
ing later to the posterior 
end of the bo<Iy between 
the furcal processes. The 
nervous system retains 
its original connection 
with the ectoderm, and 
consists of the supraoeso- 
phageal ganglion, circum- 
oeaophageal commissures, 
and the first pair of gan- 
glia of the ventral cord. 
The second antennae are 
innerVBte<l from a pair of 
ganglia lying behind the N'^"^ll™«^J^iJ^ """"' Bi"'a: a., mfd-gut with 
mouth (Glaus, Dourn), 

an arrangement which ia retained by the Pbyllopoda in the aJidt. 
As a sensory organ, there is the unpaired Nauplius eye, which lies 
in the frontal region, and is composed of three parts. Tlie most 
developed muscles are those of the limbs, which are attached lo 
a point in the mid-dorsal region. The heart is not yet developed. 

AltlnniRh there ia do estemal segmentation in tlie Nruipliiis body, we oau 
nevBrtlielesa recognise in it tha following segiiieuts :— An aiitciior pre-oral or 
primnry cephalic Kginmt, a posterior terminal or aiial seginait at the jiogterior 
end of the body, and tho trua tTunk-MgrnmU which lie between these. As 
members of the lost group, we recoitniM the section of the IkxIj belonging to 
tlie terond antennt and the mandibalsr Begmeot. We have, however, alrevlj 
pointed oat (p. 106} that the r^on of the Erst antenna poaibly aiw> oorteaponda 
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to a trnnk-9«^i(^iit, which )jecame early specialised niid lost its iudvpcadeilM. 
The cephalic niid terminal ipginenta stsud in » certain eouCraat to tbe trunk- 
segnicnta, iu so far as only tlio latter hare rudiments of limbs. The potterior 
portion of the Naniiliua body contains anteriorly a hnddiog aine from irhich 
new trunk-segments are eoiitiniiilly being prodaced, while its posterior ex- 
tremity pvontually hoconies ths anal segment (telson) at the adult 

The typical romi of Naupliiia above described undergoes many variatiaDa in 
detail, some of which will be described later. In most oases, at the ^aitplitu 
stage, not only the aboTB-nanied tmnk-seginanta arc [lerceptiblc, but also the 
rudiments of other segments behind these. Such a ntage, indicating as it doa 
a higUer grade of oegnientation of the body, is more correctly described liy 
CtACH* name of Meta«itH}iliu3. This name denotes all those krral stagsa 
foUowing upon the Ifaupliiii stage, which, while retaining the general charaotera 
of the NaupUia, show au odvanco upon it in oDgmentAtiou by tlie pCHsesnoo 
of trunk- B^nienti bearing limba behind the mandibular segnienL Socfa a 
widening of the ooncfption of the Naiipliut appears the more admissible aa 
O. F. HCi.i.Bii founded \m hypothetical genus Naupliwi on a Cj/dept larva with 
four pain of limbs, while to the younger stage with three pairs of linilM he 
applied the name Arnynioai. After it hod been discovered that MCllrr'b 
genua belonged to the seiies of nntogeneti'' stages of CyeJops [Jurine), the name 
" A'ltupinu " wa? adopted for all similarly-shaped Crustacean larvae 

The Kaupliua, in accordance with the viowa of Fritz MUllek [No. Ifl) was 
for a time regarded as n larval form of great significance (Hari'KBL, I>oiiii<c, 
No. 9], as it was thought to represent the comoioa racial form of all the 
Crustacea. In what way this l-ocinl form was to lie connected with the lower 
groups of animals was not so clearly stated. It was, lioweTcr, tlioiight that 
the nearest relatioua of the hypothetical ancestral form were to be sought ainoDg 
the Rotifera or the Annelida. The lirat t« op))ose tbe prevalent view vroa 
Hatkcukk (No. 15), who pointed ant the resemblance in budy- structure 
existing bot<reen the Cmstacea and Annelida, and urged that the conuuoa 
ancestral forni of the Crustacea must have hod a body already campoaed of 
many segments, and that auch a racial form could be directly dednced from 
the Annelida. This view received great support when the structure at the 
two [aire of excretory glands (uhell- and nntennal glands) was better known i 
the homology of these glauds with the segmental organs of the Annelida had 
aliHMdy beenossorted by Leidig and Geokkbaub. Very gradnally the following 
view has been adopted and is now generally accepted (Dohrn, No. 11], nx,~ 
that the Nituptiiii dues uut rejiresent a stage in the direct ancestral line of 
the Cruitacea, but is a counogeuetic, adaptivcly modilied larval form iu wLioh 
the following Crustacean cliarscters are early developed : the form of the liiiibt, 
the strong cuticularisation of the surface of the body, and iu connection >iiUi 
this, the development of hair-like procesaes, tbe absence of ciliated epithelio, , 
the dioappearaDce of the coelomic sacti, and the development of a lacunar body- 
cavity. The Xaupliua thus shows typical Crustacean characters in ltd structure 
and in its histological constitneuta, while in its body.segmentation it sbuids 
at a level which con best be compared with that of a polytrochau Annelid larva. 
The JIaKpliv*, therefore, ia a larval form which is secondarily modified by it* 
early odojition of the Cnistaoean manner of life, but which, phylogcuetically, 
arose at a comparatively late stage. 

One of tbe principal reasons advanced for considering the XaupUut to be the 
racial form of the Crustacea was the gammon occurrence of this larval form 
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in tlie most varieii groups of CrusUcet. This general occarrencs of the Nmiptna 
in the ontogeny of all Crustacea shoWB that the hypothetical common ancestor 
had already passed through the stage at vhteh the Naiipliu* was acquired, 
and that therefore the modification in the ontogeny of the Crustacea Just 
described took place in very early times. This appeatv the lesa Burprising 
when wr realise how greatly thu ontogeny of a form ia icQuenced by variation 
affecting the adult. Only in so far as the wide occurrence of the NauplUa 
larva justifies ua tn fomiiug conclusious as to the ontogeny of the racial form 
■of the Crustacea, can a certain phylogenetic significance be ascribed to it 
(HATScaBK,' Lehrbuch der Zool., p. 25). 

The further development of the NaupHus stage is accomplished in 
the Entomostraca, e.g., in the Fhyllopoda and also in some Copepoda, 
by a scries of very gradual changes of shape through many moults, 
the adult condition being reached by a continuous i 
number of body-segments and of 
pairs of limbs, the growth of the 
-dorsal shell-fold, the appearance 
of tlic lateral eye, and other 
transformations occurring one 
after the other. While, in these 
lowest forms, the course of 
metamorphosis is comparatively 
simple, it becomes more compli- 
-cated among the Malacostrsca, 
where independent larval forms, 
notably the Zoaea, are inter- 
-calated. These do not belong to 
the direct series of transforma- 
tions Iwtween the Nauj}liue and 
the adult form, but are dis- 
tinguished by secondarily acquired peculiarities, resulting in a great 
increase in number of larval forms. (For the metamorphoses of 
the Malacostracft, see p. 246.) 







2. Typical Porm of the Cnistac«aa Limbs. 

In the two posterior pairs of Nauplina appendages, we have a 
very primitive form of Crustacean limb. With the exception of 
the first antenna (antennule) which shows an altogether hetero- 
■morphoua structure, all the Crustacean limbs can be traced back to 
« fundamental type corresponding to the biramose second and third 
pairs of Xauplius limbs. We can always distinguish a proximal 
section as the stem of the limb or protopodite (Huxlbi), which 
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aplitB into two distal branches, the inner being, as a rule, called tbe 
inner branch, or emiopodite (Fig. 90, en), and tlie outer the outer 
bmneli, or exo/jodite (ear). While the exopodite and the endopodile 
undergo considernble variation, developing as lamellate appendages 
or adopting some altogether different lorm, or breaking up into a 
very varying number of separate joints, the protopodite is in most 
cases composed of two joints (Figs, 90, 91, 1, S). Tlie first of these 
joints (the proximal joint) (1) was called the basal joint by C1.AU8, 
and the coxopodile by Huxley, while the second (the dUtal joint) (S) 
is known as the gtem-Joini (Clacs) or basipotlite (Huzlby). It should 
be mentioned that in many cases (especially in the M»1acostraca), 
the joints of the endopodite seem to form a direct contintiation of 
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the protopodite (Fig. 91 B), while the exopodite appears like a 
lateral appendage. This condition cannot, however, be regarded 
as primitive. 

The close proximity of the ventrally placed Crustacean limbs 
allows mutual inter-action of the two members of one and tbe aame 
pair, and we therefore often £nd, on the inner side of the endopodite 
and protopodite, processes of very various kinds which act mechani- 
cally upon any foreign bodies (particles of food) that may come 
between the two approximated limbs. Such processes have received 
the general name of endilee, but when found on the protopodite they 
may bear more special names (Fig. 91, A), being known as masticatory 
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hooka, lamellae, or lobea, or else as masticalory blades. We have 
already observed the development of such a masticatory hook on 
the piotopodite of tlie second antenna {Fig. 89, p. 191). 

Another componeot of the Crustacean limb which, however, is 
not always developed, is to be found on the external side of the 
protopodite, and is in most cases connected with the movement of 
the surrounding water and has a secondary respiratory functioD. 
Such appendages, Bcveral of which may occur together, we shall 
call epipoditm (Fig. 91, ep), whether they are develo[)ed as lamellae 
(epipodial plate, eji) or as branchial sacs or tubes {ep^) provided with 
a rich circulation of blood (p. 172). The epipodial appendages, as a 
rule, belong to the coxopodite or basal joint. 

In tho following i-sgea we almll have to refer to Uie niany niodifiKtionB and 
degenentionB which these sejiarate constituents of the Cl-uataceuu Hmb under^. 
Of the two extreme types, the elongate form of limb ippears to be the more 
Bpecialiied uid to hare dereloped very gradually, while the hiniellate, hioadened 
forni, such as ocmini in most Phyllopodsn liml.ig 
and in the tborai^ic linilia of Iftbalia, probably f 

represents the more primitive type. 

It has not yet been 9ati«fiiotOTily denionBtrated 
in what munner the separate parla of the leaf- 
like Phyllopodan limb can be homologiaed with 
those of the schematic Cniatacesn limb above 
desorihert. Rat Lakkbstek's explanation seoms 
to have a ceitain degree of probability. Accord- 
ing to this author, among the aix enditee belong- 
ing to the inner aide, the fifth repreienta the 
endopodiCe (Fig. S3, «t'), and the sixth the 
eiopodite (en']. Tliia view ia supported by 
the obaervations ot Clahh (Nos. 20 ntid S1 ), 
which show that, in the developing linib of 
Braneh^/ia, these ttro lobes were the first to 
baeene distinot The fan-like plate (cp), which 
MUM much later, ia to be regarded as an epipodial 
M||Midage as well as the braouhial sac {ep']. 
"nt hreakiiig up of the stem of the limb into 
■aparate joints slion.'n in Fig. BZ is exceptional 
among the Phyllopoda, 

We fee! tempted to deduce the typical biramose ■tom-toint- ™' m*' c'n^ »n< 
form of the Crustacean limb direct from the „t ^b, tfac sli eDclilaii ep, 
bilobed Anoelidan i>ara|>odiuni. Such a deduction epipo{liat ImielUj fji', bnn- 
is supported by the fact Just mentioned that the '*''' ■"=■ 
separation of the exopodite and eudo]iodit« takes 

place unusually early in the limb-mdiment in Brmichipta (Claiis). Whilst, 
however, the Aunelidan parapodia are processes of the lateral sides of the body, 
the limbs of tlie Crustaceu have shifted ventrally and have l>ecomo approximated, 
a bet which indicates that we must imagine, as the intermediate form between 
the Annelida and the Crustacea, an animal which crept Ol ' 
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luahial action of tlie limbs and the devolopnient of anditta conuected with this 
is thu9 a new acquisition peculiar to the Crustacea. On tlie other hand, the 
opipodial appendages may with some probability be deduced from the dixsal 
cirri of the AouElida, although this view meets with a difficult)' ia the late 
appearance of tlieae structures in the ontogeny of the Crultaoea. We must not, 
howerer, forget that the respiratory requirements only, as a rule, increase when 
a certain siae of body is attaiued, and that this appears to eipkin why small 
Crustooean larvae (aa well aa adults of small size) have no brauuhial appendagoi. 

3. FbrUopoda. 
A. Branchiopoda. 

The larvae of the Branchiopoda, aitex hatuhing, bear a general 
resemblance to the Nauplins, but the body is divided iiito an anterior 
cephalic eection carrying the Naupliue limbs and a posterior abdominal 
section, Since the rudiments of a number of body-segments are to 
be found in the latter, this larval stage of Bmitehipm must be 
described as a Metanaupliits (Fig. 93). This stage is very little 
modified in the various liranchiopodan genera. The rudiment of tlie 
dorsal shell-fold is, as a rule, still wanting, only developing at a later 
stage. Tlie further metamorphosis is exceedingly simple, new 
segments being successively yielded by the posterior end of the 
body, and the limbs budding out in the eame order. An exception 
to this regular course of development ia found in the limbs of the 
maxillary region which, in keeping with their slight development in 
the adult, appear late. While the segmentation of the body thus 
gradually approaches that of the adult, the paired compound eyes 
develop as well as the shell-fold, ivhich latter must lie counted as 
belonging to the maxillary region, the internal organs develop, 
and the three pairs of Nauplius limbs degenerate in size and 
become modified. 

Ab an example of the development of this group we may take 
that of ApuK, which is so well known through the investigations of 
Zaddigh (No. 31), Brader (No. 18), and especially of Claus (Noa. 
20 and 21). The AtetanaupUtu of Apm (Fig. 93 A) is more or less 
oval in shape, narrowing posteriorly ; when it leaves the egg it still 
retains the original dorsal curvature of the body (BttArER) but aoon 
straightens out. The only mternat organs which can be recognised 
are the Nauplius eye and the intestine which widens anteriorly and 
opens out in a depression at the posterior end of the body. The 
three pairs of limbs are of the typical Nauplius form. The first 
antennae (1), which are inserted at the sideu of the large, helmet- 
shaped upper lip, are simple unjointed rods each carrying two laige 
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setae at the tip. Tlie second antennae (S) are \aTge biramose 
swtmniitig limbs, each carrying a movable masticntory hook on the 
basal joint. The endopodile of each of the second antennae ie small 
and has setae at its end, while the five-jointed exopodite has five 
swimming setae on its inner side. The mandibles {3} are smaller 
than the second antennae, but agree with them in general structure. 
The moaticatory hook is wanting in the mandibles ; the future 
masticatory blade (often the sole representative of the mandible in 
the adult) is visible at this stage merely as a slight swelling on the 
inner side of the protopodite. The endopodite and exopodite are 
unjointed and carry setae at their tips. The anterior or cephalic 
region of the body, which carries the Nauplius limbs, is bounded 
posteriorly by a small dorsal prominence, in which we recognise the 
first rudiment of the dorsal shield. At the middle of this anterior 
dorsal region there is a more or less round, sharply circumscribed 
point, the rudiment of the nuchal gland so widely distributed among 
the Phyllopoda (p. 151). In the posterior, thoraco-abdominal region, 
five consecutive thoracic segments have begun to form as transverse 
swellings (l-V). 

Aft«r the first moult (Fig. 93 B), the form of the body is essen- 
tially changed by the broadening of the anterior region and the 
elongation of the narrow, cone-like, posterior section. The dorsal 
shield now covers the tergum of the first thoracic segment. The 
Naupliiis limbs retain essentially the same character. The endo- 
podite of the second antenna is now two-jointed. On the basal joint 
of the mandible (3), a strong masticatory blade has developed with 
teeth on its inner edge, this being covered by the now relatively 
small upper lip. Behind the mandibles, the first pair of maxillae 
have begun to appear aa simple plates (4). In the anterior thoracic 
region, two to four lobed rudiments of limbs can be made oat. 
The number of thoracic segments is increased to eight by the 
addition of new rudiments. At the posterior end of the body, the 
large furcal processes have developed. Other jxiints of interest in 
this stage are : the development of the frontal sensory organs as 
styloid filaments (/»} near the Ifauplius eye, the rudiments of the 
hepatic outgrowths at the wide anterior part of the mid-gut, the 
greater distinctness of the nntennal gland in the basal aection of 
the second antenna, and the rudiment of the shell-gland in the 
veotro-iateral part of the dorsal shield. 

The third larval stage (aft«r the second moult), reveals lobed 
rudiments of limbs on the six anterior thoracic segments; on the 
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aevonth segment, a non-lobate tudiment is found, and behind thia, 
the radimenU of two or three more segments. Behind the fiist 
pair of maxillae, the rudiment of a second pair can be dietinguiahed 
as a. transverse prominence. The shell-gland ia distinctly visible 
in the lateral part of the dorsal shield, which has now slightly 
increased in size. At this stage the heart can already be made out, 
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Teaching from the maxillary region posteriorly to the sixth thoracic 
segment. As the segments develop posteriorly, new chambers ate 
added to the heart (Fig. 87, p. 178). 

In the fourth larval stage {Fig. 93 C), further r d nients of limbs 
are seen in the act of forming on the thoracic segn ents ; on the 
seven anterior segments these are distinctly lol ate on th next two, 
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indistinctly lobate, and on the three or four following, they are 
imlobed. The thoracie shield («) and the furcal processes have 
increased considerably in size. As important new rudiments, ve 
have those of the paired eyes, which are situated dorsally above 
and behind the Xaupliiis eye, and in which the depoattiou of 
pigment has commenced These rudiments and those of the 
developing optic ganglia become more and more distinct during 
the subsequent stages. 

At the fifth stage, there are nine distinctly lobato pairs of limbs, 
n tenth rudiment indistinctly lobate, and four following these not 
as yet lobate. Six more rudiments of segments are discernible 
behind these. At this stage, the formation of the heart and the 
branching of the liver by means of secondary diverticula progress 
gradually. In the later stages which succeed one another through 
numerous moults, the form of the adult is gradually appro^iimated 
by the api^eatance of fresh segments and limbs, by the increase 
of the dorsal shield, which gradually covers almost the whole of 
the dorsal region, and by the lengthening of the furcal processes. 
At the same time a degeneration of the ^I'auplius limbs takes place, 
the first antenna remaining as a small two-jointed stump, and the 
second as a still smaller unjointed vestige; of the mandibles, only 
the basal joint is retained with its now strongly-developed masti- 
catory blade. The distal part of this latter limb is visible in the 
later larval stages aa a gradually diminishing mandibular palp, which 
finally disappears. This degeneration of the limbs is accompanied 
by a change of the method of progression. In the first stages, the 
larva jerks itself forward by the powerful strokes of the second 
antennae, but now it moves mote regularly by the gentler swimming 
action of the numerous rowing limbs. 

The above description applies to Apim cancri/ornii*. The develop- 
ment of Aptu produclu», made known to us by KeuDer (No. 18), 
is quite in agreement with the above account. The egg, however, 
is here considerably larger and the development more abbreviated. 
The number of moults and of separate ontogenetic stages is smaller, 
The second antennae, as early as the fourth stage, cease to act as 
rowing organs, and at the sixth stage are greatly degenerated. The 
Metanaupliui which hatches out of the egg has not only a large 
number of segments, but already shows the rudiments of the paired 
eyes. 

The Metanavplhu of Branchipus is somewhat longer, and the 
thoraco -abdominal section of the body is more sharply separated from 
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the cephalo-thoracic section. Tbe maxillary aegniente uid tlic find 
two thoracic segmentB, with the rudimenU of thn corresponding 
thoracic liiube, can be recognised, oa well M the comnK^uceJornt 
of the metameric segmentation of tbe rest of tbe boUy (Cues, 
'So. 20). The gradual development of tlieso lurvue, ns well M that 
of Arlemla, follows a course similar to that of Ajm*, if wo bemr 
in mind the differences caused by the alieencc of n donwl iliirlil 
and the consequent craniped position of the shell-gland, whom 
opening was found by Clacb (No. 21) on tbe second maxillav 
The course of development of the compound eyes can iu^n ba 
followed very clearly ; these, together with Ihe optic ganglia, 
originate from a proliferation of hypodcnuis at the aides of lh* 
cephalic segment (p. 1G8). In this hypodermal growth, a separatioo 
into layers takes place, the inner layer being transformed tnla the 




ganglion, while the superficial layer yields the actual compound 
eye. A lateral out<,iowth of this part of the head leniU to the 
development of the eye-stalk, which later becomes a movable, jointed 
appcndaf^e (Clacs). The method of development of the ttolked 
eyes in this form aiTurds tlic most weighty objections to the riew 
that these organs are structures homologous witli the limba (p. 16S). 
Until the stage at which the full number of segments and limb- 
rudiments is attained (first [»erio<l of development), the onUfSiDMi 
and the mandibular pal[vi retain the larval character of the 
Mftanauplim atnge. Only in tbe sulwequent period of aranal 
differentiation, in which the genital segmentJj develop in a nuuiner 
characleriHtic of the two sexes, do the muscles of tbe swimming 
autiuuiaa and the mandibular lulps degenerate. The mondibolar 
palps altogether disnpjiear, while llio second antennae shift to the 
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frODtal surface and become transfornied inti) tlie 8i>calleii ce]tfaalic 
horns, Torying in the different species. At the same time, 3 sensory 
organ (Claus, No. 21) develops between the forehead and median 
eye; this must not be confounded with the paired frontal organ. 
It consists of an accumulation of club-shaped terminal nerve-cells 
which contain peculiar three -pronged, strongly refractive deposits. 
It corresponds to the nuchal organ described !iy Lbtdio in con- 
nection with the Ctadocera, 

The development of the Estheridae also does not deviate in any 
essential point from that described for Ajius and Brandiipus. The 
so-called NaupliuK stage (Fig. 94) is still entirely devoid of the shell- 
fold which, in the adult Estheria, is bivalve. It is distinguished 
from the corresponding stage of Branehipmt oiUy by the remarkably 
large upper lip {ol) and the rudimentary condition of the first 
antenna (n'), whieli is a hemispherical swelling provided with a long 
seta (fiiTKBR, No. 23). At a later stage, the two maxillary segments 
and six distinctly separate limb-segments, still, however, quite devoid 
of their limb-rudiments, can be recognised. At the posterior end 
of the body, the furcal processes have already developed. The rudi- 
ments of the paired eyes and of the ganglia belonging lo them can 
be made out. At this stage the rudiment of the sliell tirat appears 
as a paired outgrowth of the dorsal integument of the maxillary 
region <Ftg, 96, t). Within this rudiment can be recc^nised the 
as yet slightly developed shell-gland. The later stages are chiefly 
characterised by the growth of the shell, the increase in number of 
segments- and limbs, the changes which take place in the Nauplius 
Limbs, and the gradual diminution of the upper lip. In these stages 
(Fig. 95), the larva strikingly resembles an adult Cladoceran. The 
head, which is not yet covered by the shell-valves, has a pair of small 
antennides beset with olfactory filaments (a'), and large swimming 
antennae {a") recalling in a striking maimer by their structure the 
corresponding limbs in the Daphnidae. The mandibular palp {md) 
Vi much reduced. The shape of the shell-gland (ad), and the form of 
the posterior section of the body (post-abdoraen), witli its furcal 
hooks and two large sensory setae, so strikingly recall the Cladocern 
that we cannot doubt that the latter group has been derived from 
the Eglheridae by a diminution of the number of segments and 
limbs, and a degeneration of the heart to a short sac (Claus, No, 8). 

In its larval development, Limnadia closely resembles Estheria 
(Lbrkboullet, No. 26). Ilere also the two shell-valves develop aa 
originally distinct outgrowths of the dorsal integument of the 
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innxillary region (Fig. 96, s), fusing in the median line only at a 
later stage. Althcmgh here, as in the Cladocera (Grobben), the two 
halves of the shell nt Rrst develop separately, we must, nevertheless, 
trace them back to an originally single dorsal shield, like that of Apse. 
In the youngest larval stages of Lirmteiis (Fig. 97) obaerved by 
Grvbb (No. 33), the shape of the body is very remarkable. In Ute 
number and stnicture of the limbs, this larva agrees with the so-called 
Nauplius of other Branchiopoda, but it is distinguished by a flat, 
circular, and somewhat transversely broadened dorsal shield. There 
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. g^^^^J^-ilfT^}, / is a correspondingly large and 

transversely broadened upper 
lip oil the ventral side. At 
the anterior cephalic region there 
arc one unpaired and two paired 
lateral conical projections. The flab 
dorsal shield is rephiced by a bivalve 
shell only at a somewhat lat« stage. 
Many very primitive features 
have been retained in the condition 
of the body among the numeroufi 
forms of the liMdchiopoda. As such we may assume the presence 
of many body-segments, the comparatively homomorphic develop- 
ment of the limbs, the origin of the antennal nerves from a pair of 
ganglia lying in the oesophageal commissure, the presence of separate 
ganglia in each maxillary segment, the ladder-like development of the 




ventral cliain of ganglia, the presence of a long chambered dorsal vessel, 
and perhaps also the lamellate character of the limbs. The fact that 
the great groups of the Malacostraca through their most primitive 
member (Nebalia) join on to the Branchiopoda, will still further 
incline na to see in the latter the now living representative of a series 
of forms which are least removed from the hypothetical ancestor of 
the Crustacea (Dohrh, Ko. 9). On the 
other hand, we must not forget that 
the existing Branchiopoda (PhjUopoda) 
in many respects seem undoubtedly to 
have undergone great secondary modifi- 
cation. In the 6rst place we must hero 
recall the reduced form of the oral limbs 
(mandibles and maxillae). With regard 
to these we shall have to turn to the 
larvae of tlie Copepoda aud the Mala- 
costraca, so as rightly to complete the 
picture of the hypothetical racial form. 
Nevertheless, in forming a judgment of 
the phjiogenetic relations of the Crus- 
tacea, we shall often have to return to the 
Phyllopoda as a very primitive group. 

B. Cladocera. 

"WTjereaa the Branchiopoda pass through 
a metamorphosis characterised by many 

moults, larval ecdyses are altojjether wanting in their relations, the 
Cladocera, the young animal leaving the egg with a shape resembling 
that of the adult. The whole modelling of the body is here shifted 
back to the embryonic stages, among which a distinct Naiti4itiS 
stage can be recognised ; this is hi many cases even marked by a 
moult — development of the Xauplius cuticle — (Fig. 72, p. 147). 

Special pecidioritics of shape, however, are met with in the newly- 
batched young of the remarkable genus Leplodora. ^Vllo^ea8 the 
young coming from the summer egg resemble the adult in shape 
(P. £. MCllbr), the larvu hatclied from the winter egg resemble an 
advanced Metanauplius (Fig. 98), and have therefore another stage 
to pass through (G. 0. Sars, No. 29). The body in this Mata- 
nauplioi is long, without outwardly recognisable segmentation, and 
ends posteriorly in the two furcal processes. The first antennae (a') 
are short and club-shaped, the second (a") long biraraose swimming 
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appendayes, which however are devoid of the special masticatory 
hook found in the Branchiopodan NaupUus. The mandibles {mil} 
conaist of the basal blade and a long unjointed oar-ahaped palp. 
The oral aperture is overhung by a. large upper lip (ol). In the 
thoracic section of the body the rudiments of six pairs of limbs 
(p'-p") are visible in the form of trnnsverse swellings. In the 
cephalic region, 
the Nmipliua eye 
alone is recog- 
nisable, the com- 
pound eyes de- 
veloping at a 
later stage. Fur- 
ther metamor- 
phosis takes place 
by the develop- 
ment of I he limbs 
and of the body- 
segments, the 
growth of the 
dorsal aliieJd, the diminution of the upper lip, the degeneration of 
the mandibular palp, and the acquisition of the characteristic 
curvature of the body. The Xauplius eye persists in the generation 
coming from the irinter egg, whereas it is wanting in individuals 
developing from summer eggs. 

The genus Lcplodora, in the metamorphosis of the winter egga 
and in the 
Branch iopoda- 
like Melanatt- 
plius stage, as 

other respects, 
has thus re- 
tained primi- 
tive characters 
amont 



the 
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mjiiiillble 1 !•'■]•''', niuluiegtii of tbt Unt nii piin oT tbondc 
The summer liuibfl; ol, upper Up. 
utd trinter eggs 

differ not only with ngud to the derelopment or the embryo, hat in otfaer 
points us well. It ha* already Ijmii indicated (p. 114} that, in Sylholrrphat and 
Lrplodom, tlie typo of oleuTBgo of the suniraor egg differ* from that of the winter 



egg. Sar9 (Ko. 30) hoB pointed out in this connection that tlie cmliryos that 
ileTclop (in ephipjiin) iu the iriiiMr eggs rcinnin during the whole linrutiou of 
development enveloped in the egg- integument ("cliorion"), while tlie summer 
fggs throw olF the verj thin vilelliue membrane before reitching the last stage of 
development. 

The nnnilier of paira of thoracic limbs which we found na rudiments in the 
.Wttanaapliui was aix, and this must be considered as the |>rimitive numlier in 
the Clsdocera. This number is nleo retained in the Sididat. In ihv embryo of 
Lynmu six jiaira Appear as rudini^uts, but the last of these degenerates later 
<Claus, No. 8). 

i. OBtrscoda. 
The Ostracoda, wliich are ].rovideil with a bivalve slit-l], often 
impregnated with calcoreoua salts, undergo more or less lunrlicd raeta- 
n orphoais These an d als were probably det ed from Phyllojiodan 
sncestors by a process of degenerat on tend ng n a defin t« 1 rect on, 
the number of s ^me ta be n^ reduced an 1 the po vers f l<>con ot on 




diminished. In Cypridina, the CyVierviae, and the 
whoHe development is as yet unknown to us, the metamorphosis 
appears to be to some extent abbreviated, since the larva when 
hatched lias alnioet the form of the adult ; the Cypridae, on the 
contrary, undergo a metamorphosis, passing through many moults 
from the Nau/'liw stage to the adult form. This metamorphosis has 
been obeeired by Clacs (Nos. 32 and 34) in the cases of Cyprie 
faieiala, C. omim, and 0. vidua. Eeckotiing by the numlwr of 
consecutive moults, there are here nine different efciges, some of 
which, however, differ only slightly. 

The Naupliu» (Fig. 99 A) resembles the Phyllopodan larva at the 
same stage in that the three pairs of limbs are tised as locomotoiy 
organs, and in the possession of a large helmet-shaped upper lip (OL), 
but in having a well-developed bivalve shell provided with an 
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adductor m s le (6U) t already ebow t)p cal Oatm Jan fentuie 
tho develop DQnt of h ch haa e deatlj beeo sh fted ha k second 
arily to th s enrlj stage Further n etamorphos s takes place as in 
the Phjlloj od-i bj tl e grn lual le elopme t n regular order of the 
posterior pa rs of 1 mbs the gro vth of the poster or sect on of the 
body anl of the correspond ng ntornal organs In accordance witl 
these cl a ges tho body a change n the shell (obaer^ ed by Zekekb, 
No. 35) takes place In the Aoiyiiwt the antenor half of the shell 
is remarkably developed Its greatest he ghl ae well as its greatest 
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breadth, lies anteriorly to the middle of the body. The anterior 
section of the shell appears sharply inclined, while the posterior end 
of the shell riiTis out more gradually to a point. As the posterior 
part of the body develops, the posterior halves o( tlie shell also 
increase in size (Figs. 99-101). An exception to the rule that the 
limbs appear in order from before backward is found in the second 
maxillae which are somewhat retarded, not appearing until after the 
limlia which lie posteriorly to them have developed. There is here 
a recurrence of a feature found in the Phyllopoda and a few Copepoda 
{0>jeio}iidae, Harpaetidae). 
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Tha XaupliuK stage {Jiral free larval stage, Fig. SB J) is, as already mentioned, 
dutinguished Iiy the presence of a bivalve ahelt proviilrd with an adductor 
muscle (Stf), At its highest point is found the N»wplius eye, whieh is here 
very large and provided with paired lenaes. The alinieuCary canal, which connists 
of oesophagus, mid-gut, and hind-gut, is still ivithout hepatic appendages. The 
oral aperture is overai-ched by a large upper lip {OL). The three |«irs of limbs 
diOer somenliat in shape from thoae of the PhylIa]>odan IfoupUti*, being here 
developed as uoiraniOM crawling limhs. The firat tno pairs already approach 
the adult form. The first antenna {A') is beat inwarda, and consists of four 
joints, the three temiiual Joints being beset on their upper surfaces with rowing 
setae The second antenna {A") already ahowa tha charactarifitic knee-liks bend 
innards. The mandible (itd) has still the fomi of a tliree-jointcd crawling 
limb, its tip ending in a large hooked seta. Tiie future luasticatory blade is at 
thb stage merely a small seiTated process of the basal Joint 

In tlie aecoiui larval ilage (Pig. S9 B) which follows, the mandible losea the 
primitive character just desorilwd. Bpaidea this, behind the maudililc, two more 
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radimenla have ariseD, tliose of tha first maxilla (iti) and of the llrst pair of 
feet t/*). The body hoa correspondingly lengthened. Tha basal joint of the 
third limb is now tran-sformed into a large triangular masticatory blade 
(mandible) toothed on its inner edge, the rest of tha limb persisting aa a four- 
jointed mandilnilar palp. AtUched to the basal joint of the tatter can be 
recognised the first rudiment of a haud-sha[ied appendage beset with setae 
(eiopodite). The next rudiment (tliat of the first maxilla) is a tcaf-sliaped 
curved plate (Jfx'), while the Brst ambulatory liiub (/") ia an unjointed climbing 
organ provided with a temiiual hook. 

In the third ilagv, the maxilla approaches its adult form, two strong, toothed, 
masticatory blades and the nidiuieut of a third being disceniible. The rudi- 
ment of the movable gilt-pUte (exopodite) beset with haira can also now he 
recognised- In the following fourth larval Mage [Fig- 100 A) there ia no 
essential alteratiou in the autvnnae and the mandibular palp beyond a riclirr 
provision of setae ; on the other hand, on the Er«t maittla ( JTx'] four masticatory 
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blndfs have develo]>ed, the upper one (endopodiU) alrciudy bIj owing the rormation 
or a tsrininal joiot. Behind these liiuhs & new rudiment {MxT) can be mode 
out oceiipjing the space betneen the lirst maxilla and tbu lirst pair of feet ; tliii 
is tlm rudiment ot the second manilla which arises 'oa ■ curved trianguju- )>UU 
after the first pair of feet lias already appeared. The sccoud pair of feet i« itill 
wanting, but the jiost«r{or end of the bodj is now marked by the deTelopment 
of two furcal setae. 

The fi/ih larval ilage (Fig. 100 S) is dietinguiahed by the further development 
of the second lumilla (AtiT), wtiich now ajipears as a four-join ted limb directed 
backwards and carryiiift on its basal joint a projecting masticatory lilaile. It >■ 
an interesting fact Ihat th^ie limbs, during tlio outogeiietie atagea of Cyptit, 
not o[ilj resemble legs, but function as such, a condition which is rettunej 
throughout life in the Cy'hrriHat. The two furcal apjwndagDS at the posterior 
end of the liody are :ioir more distinctly marked. Among the internal orgsu* 
we must mention the development of the hepatic tubes (/.), which extend into 
valves of the shell, and the first ip]>earancB of au organ lying below the eye ud 
regarded by Glaus as the shell-gland (Fig. 101, SD). 

The sutlh tlage (Fig. 101) is characterised by the appearance of the last 
(second) pair of feet (/*'). The second maiilla has become transformed \ij Iha 
increase in aize of its masticatory blades and the dimiuutjun of its leg-like [olp. 
The anterior pair of feet, until now somewhat undevclojtcd, has several joints. 
The jiosterior (last) pair of feet essentially resembles the nidini«tits of the limbi 
which precede it as found in earlier stages. Tlie caudal fork already approaches 
itA adult form and (erminstes in two strong hooked setae. 

In the seveniA ilage, which in the structure of tiia limbs shows the aiialt 
oondition, the rudiments of the genital apjiaratua are rocognisable, Among the 
alterations which have taken place in the limbs, tho development of a imiU 
leaf-like appendage (exopoditc) on the liasal joint of the second maiilla, and tlu 
acgmelitatioti of the lost pair of feet, deserve sjiooilJ mention. 

In the eighth t^age, the development of the genital rudiment progresses, the 
way being prepared for the development of sexual differentiation, while the 
ninth and tenth seem to be stages for the development of sexual maturity. 

The CyihtrUlae, according to Zbnebr, hatch at a stage more or lese 
comparable with the fourth stage of the Cypridae. Besides the two 
pairs of antennae, the mandibles and the first maxillae have appeared 
and are somewhat ndvaiiced in development. The nidinient« of the 
two pairs of feet seem to bo present behind the above. The 
mandibular palp BtiU functions as a locomotory organ. 

In Ci/prufina, whose eggs, like those of the Cytlieridae, pass 
through their embryonic development between the valves of the 
mother, the ehell undergoes changes of shape resembling those 
pointed out in connection with the young form of CyprU. The 
compound paired eyes appear early. Embryos just before hatching 
possessed tho furcal pro-appendages, but were without the three 
posterior pairs of appendages {the first pair of feet, the cleaning fool, 
and genitol prominence). It is probable thot the larva leaves the egg 
very nearly resembling the adult in shape (Glaus, No. 33). 
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In the Haiofypridae also metamorphosis has almost disappeared, 
the youog when hatched being apparently already provided with all 
the limbs, and only being distinguished from the adntt by the 
immature condition of the sexual organs, the small nutober of furca) 
hooks, and the slight development of the sexual characters (Cu^ua). 



5. Olnipedia. 

The Cirripeilia, which have been modified in a remarkable manner 
in connection with their attached mode of life, have often been 
placed in close relationship with the Copcpoda, in acconlance with 
the views of Clacs (Xo. 8). We must, however, in consequence of 
the presence of the so-called Cyprit stage (with a bivalve shell) which 
occurs hi their metamorphosis and brings about the transition from 
the free to tlie attached life, assume for them a similarly-shaped 
ancestral form, which we must then seek among the Phyllopoda. 
Since the correspondence in structure and development between the 
Cirripedia and the Copepoda may also he explained as the result of 
adaptation in a similar direction (convergence), and as, on the other 
hand, the shell in the Copepoda has undergone great reduction, 
these two orders of Crustacea appear to us to be independent 
derivatives of the primitive Phyllo|)odan stock. 

The metaiuorphosia of the Cirripedia lieginB with ■ troe Ifaitpliu* sUgs, 
oharuteriiied by the possesaion of the so-c&Ited frantkl bonis* and of > uaiullj 
triangular doiut shield. The series of Nauplius stages proceeding one from the 
other through sevtrol moults, ends in a Mdanaupliia io vhich cui be leoogniaed 
the rudiments of the paired eyes, a fourth pair of Umbs, and the subsequent aii 
pairs of thoracic limbs. Another moult and the Isrra appears in the /ree- 
twimmaig Oypru stage which, after attachment, prepares for the transition into 
the adult. 'iHiia latter proceeds, after a further inoult, from the attaelud Cypri* 
ttage [pupa), 

A. Thoracica. 

The series of Naaplii belonging to the Balanidae (Fig, 102 A) are, 
&3 a rule, simpler in shape than the much larger spined Nauplius of 
Lepas, so that we shall commence with a description of the former. 
The body shows no trace of external segmentation, and is covered 
dorsally by a flat, triangular or somewhat oval shell, which, at 

* We must here point out that the posseaaian of (rontal boras is not a 
universal distinctive feature of the Cimpvdiau A'aiipliiu. Such horns are, 
for instance, vantiug in tlie Nauplius oC Laura Gcrardutr (p. 2'J9), and in a 
Rhisocephalsn, found by SLtriEs, parasitic on an Ascidlan (Sphaerotkylaaia 
folyaiTpaej. Thej are also nautiag in that remarkable pelagic larva, of whose 
systematic position we are still doubtful, nhich was obtained at Hindauao and 
at first thought bj Willeuoee-Suum to be the larva of Limulua, but was later 
considered to be a Cirripcde larva (No. 63). 
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dorsal sbieM and tertniuates in a caudal fork. The anal aperture 
(of) lies somewhat far forward on the dorsal side uf this part of 
the body. Between it and the posterior edge of the dorsal shield 
there arises from the dorsal side of the thoraco-abdoniinal section 
a large spine running backwards and ending in a sharp ixiint (the 
eo-called caudal spice, de). 

In later stages, on the ventral side of thoraco-ahdominal region, in 
front of the caudal fork, arc found a pair of thorn-like processes 
repeating the shape of the larger caudal fork, and in front of these 
another smaller pair. These thorn-like processes which, in some 
forms, are still more developed, may produce the appearance of 
aegraentation on the thoraeo-abdominal section, hut cannot be 
regarded as indicative of a true segmentation of that region of the 
body. 

In the anterior region of the body, the unpaired S^auplius eye 
which is closely applied to the brain is always distinctly perceptible. 
The oral aperture is overhung by a large helmet-shaped upper lip 
{ol), which, by its form, recalls the upper lip of the Phyllopodan 
larva, The limbs show tlie structure typical of the Nuupliut stage, 
and, in the first stoges, often appear only indistinctly jointed, while 
in the later stages the joints are more numerous and more distinct. 
The most anterior limb (o', first antenna) is invariably uniramose, 
.sod its distal portion is beset with swimming setae. The second and 
third liml« (a", md) are biramose. The longer exopodite consists of 
A large number of closely crowded joints beset with swimming setae ; 
the shorter endopodite has fewer joints. The protopodite in both 
these Itmhs carries several masticatory hooks directed towards the 
oral aperture. 

The later stages are characterised by tlie gradual increase in size of 
the body, by the appearance of the above-mentioned spinous processes 
on the dorsal shield and in the thoraeo-abdominal region, and above 
all by the presence of a paired frontal sensory organ ( fe), which here 
■develops in the form of two filamentous processes inserted near the 
!Naup]ius eye. Among the internal organs, besides those already 
mentioned (eyes, brain, glandular tubes of the frontal boms), we 
«hould note the muscles for moving the limbs, the thoraco-nhdoniinal 
appendages, and the alimentary canal. The latter consists of a short 
oesophagus, a wider mid-gut, and a hind-gut opening through the 
4orsaI anal aperture. As to the presence of the antennal gland (in 
the basal joint of the second pair of limbs) which 
Entomostracan Nanplii, nothing is as yet known. 
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The Naujili'i of the Lepadidae, ivlicn hatched, seem closely to 
reaemble the Nmiplii of the Bnlamdae in shape, differing only in 
this one respoct, that tlie long frontal horns are bent backwards. 
•Soon after hatching they undergo a first moult, after which the 
spine-like thoraco-abdominal appendage (ventral spine) uud the dorsal 
caudal Bpine first attain their full length. During later moults, the 
NaupUue grows to a great size (12 mm. long), and ia then distinguished 
by a number of accessory structures. In Lepas /(ueieularia, seven 
moults take place before the Metanaupling stage is reached. These 
later stages (Fig. 103) show the thoraco-abdominal appendage {t), 
and the dorsal caudal spine {lU) drawn out as long, pointed processe* 
beset with small hooks. A similar process (rf) has arisen at the 
central point of the doteal 
shell ; this process, which nuift 
obliquely backwards, is known 
as the dorsal spine. At the 
margin of the dorsal shield 
also, besides the frontal boms, 
eight large apine-like processes 
can be recognised, the first pair 
lying anteriorly between the 
frontal horns, and the others 
being distributed laterally and 
jwsteriorly. Both the dorsal 
shield and the larger processes 
are further beset with a aeriet 
of minute spines, which axt 
wanting only on the frontal 
horns. Many of these minnte 
spines, as well as the margiiut 
apinea of the dorsal shield, are 
ro found to be perforated and 
^' connected with the ducte of 
o- unicellular integumental glands. 
*■ On the ventral side of the 
thoraco - abdominal appendage^ 
ovable thorns can be distinguished, 
teriorly, six pairs of larger movable spines (.r), which do 
not appear simnltaneously but euccessively, each new moult develop- 
ing a fresh pair, until, after the last moult, the full number of 
six is attained. The conjecture, made with some hesitation fay 
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CoHRN (No. 43) and Willbmo&s-Sifhu (No. 62), that these pairs 
of spinea correspond to the rmliments of the six pairs of thoracic 
limbs in the C^yrie-like larva appears to us somewhat plausible. 
This last stage would then have to be assumed to be the Meta- 
nauplius st^e. 

For more recent obBervationa on the larvae of the Lqiadidai: we are aboie 
alt indebted to Willkuoks-Suhm (No. 62). Dohrn (No. 4S) lias minutely 
described a large A'ouji/iim larva— probably » be referred to Lrpaa australis 
nnder tlie dbiuv of Arcbizaata gigaa. These stages have, liowever, absolutely 
nothing to do trith tbe Zoaea laira of the Halocostraca. The development of 
long spine-like processes is ■ pratectivv adaptiition ofteu occurring in pelagic 
ajiimals (ef. the skvlctons of the Radiolaria and the spines of the FlvUus larvae}. 

In the whole aeries of Nattpliw stages, except the last, there is no 
essential alteration apart from the increase in size of the body and 
the above-mentioned development of thorn- and spine-like processeB. 
In the last stage which immediately precedes the Cyprin stage 
{Metanauplim, Fig. 102 B), important new rudiments of organs 
appear. With respect to the general form of the body, it should 
be emphasised that the lateral parts of the dorsal shield now already 
begin to bend downwards, and, coveting the body laterally, fore- 
ehadow in position the valves of the shell in the CypHs stage. 
The three anterior piurs of limbs still bear a general resemblance to 
the typical Nauplius limbs, but already, within the first pair (first 
antennae), the rudiment of the sucking disc so important in the 
Cj/pri* stage can be made out (Krohs, No, 60 ; WiLLBUoEs-StrEH, 
No. 62 ; Ci-ATja, No. 8), This fact affords a direct proof that the 
adhesive antennae of the later stages are actually derived from 
the most anterior pair of Nauplius limbs (Krohn, No. 50 ; Fb. 
MCller). Behind the mandible is to be seen the slightly developed 
rudiment of the fourth pair of limbs ; it is, however, probable, as we 
shall see further later, that we have here the rudiments of two con- 
secutive pairs of limbs (iiw) (Mbtscbnikoff, No. 53 ; Cuus, No. 8). 
The thoroco-abdominal region of the larva has increased considerably 
iu size; in it, beneath the Nauplius cuticle, can be recognised the 
rudiments of the six pairs of swimming limbs (/'-/^') of the larva 
(thoracic limbs), as well as the caudal processes of the short abdomen 
(furcal processes) (Kkohn, No. 50; Claub, No. 8). Another im- 
portant point ia that in this stage, near the Nauplius eye, the paired, 
movable compound eyes (Fig. 102 B) already appear as rudiments. 
In this MelanaujAhu stage, therefore, all the more important organs 
and limbs of the C^p^s-like larva are formed, and the larva itself. 
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by the casting of the Metanauplius iatogument, emerges from tba 
preceding stage. 

The /ree'Bieimming Cyprie stage (Fig. 104), which is only of short 
duration, derives ite name from the bivalve shell that envelops tha 
whole body. The actual segmentation of the body and the iiiner 
organisation have nothing in common with the Ostracoda. In 
respect to tbese the larva at the Cypris stage already very nearly 
approaches the adult. The two shell-valves which can be Itrougtit 
together by an adductor muscle, are directly continuous doisally. 
The dorsal border appears arched, whereas the ventral eOge is 
flattened. Anteriorly they are rounded, but run out to a point 
posteriorly. In the anterior section of the valves, near the ventral 
side, a small projection may be remarked on which can be recognised 
the frontal born of the NaiipUiis. The ventral margins of the shell 
are closely approximated in the middle of their length. Posteriorly, 
a fissure opens between them for the passage of the swimming Iimh» 
of the larva 
(r/), and there is 
also an anterior 
aperture through 
which the first 
antennae, the 
adhesive organs 
(/), are protruded. 
The latter limbe, 
in the free Gj/prit 
stage, are used 
for the occasional 
attachment of 
the larva, which 
precedes and prepares the way for the final attachment. They consist 
at this stage of foiir joints, the basal joint joining the body by a broad 
base, and carrying various chitinous ingrowths (apoderaes) for the 
attachment of muscles. The second joint, which is lengthened like 
on ann, is bent at an angle to the basal joint The short third joint 
carries at its outer side the adhesive disc, at the centre of which the 
duct of the cement-gland opens, while the tmiicateil fourth joint 
seems to be provided with one ordinary and one largo olfactory seta 
(CuiVB, No. 39; AViLLKMOKa-SuHM, No. 62). 

The cement-gland (Fig. 105, ai) shows various degrees of develop- 
ment in the Cypru larva. In the pupal stage which follows,"it 




shifts to tlie bnse of the eye-stalk formed from part of the head of 
the larva, and here takes the form either of a closely-packed coiled 
gland {Leptis j>eclinata), or else of widely scattered cells connected 
only by the efletent duct. On account of its atruotitre, the cement- 
gland must be regarded as an accumulation of uiiicellukr glands on 
a much-braticbed common duct, the single glandular cells being sessile 
on this duct, like grapes. 

We arc still terj much in the dark aa to the genesis of this gland and its 
morphological derivation. Attempts have been made to derive it from one of 
the two typical pairs of Cmstacoan glands (anteanal and aholl-gknds), although 
such a hnmology is attended hy considerahle difficulty ou account of the aperture 
of the gland ocfurring on another linib. Claus {No. S) finds, within the shell- 
Told of the free-snitiimiDg CyprU stsge of Zirpos auMralis, a coitcd glaud-llke 
oell strand, tLnd is disposed to homologiBe this with the shelt-glaud of other 
Entonwiatraoa, while he conjectures that the oenient-gland which is reoognisahle 
in later stages is derived from this cell-strand, 'Willkhoes-Suhm, on the 
coattSLry(No. 62), found, even in the Natipliut stage, a paired glandular mass 
lying at the sides of the upper lip, out of which, according to him, the cement- 
gland develops. While authorities thus hold conflJctiag views, we shall do well 
For the present to regard the cement-gluid as a peculiar structure found in the 
Cirripedia, and to abaUin Irom attempting to homologise it with the glands 
of other Crustacea. 

A great change occurs in the structure of the limbs which 
surround the oral aperture of the Nauplitis. The second antennae 
seem altogether to disappear (if they are not to a certain extent, as 
Faoinstecher (No. 58) conjectured, retained in the palp-like 
appendages of the upper Up). The actual mouth-parts, together 
with the upper lip, are already shifted ou to a slightly projecting 
oral cone, and appear in the form of three pairs of truncated rudi- 
ments, in which we recognise the future mandibles, the first maxillae, 
and the lower lip which results from the fusion of the second 
maxillae. In what way these mouth-parta are derived front the 
limbs of the MelanaupUus stage is still far from clear. The moat 
probable view appears to us to be that of Clauh (No. 8), according to 
which tlie mandibles are derived from the basal joints of the third 
pair of Nauplius limbs, while the outer segment of the rudimentary 
lirabe following these in the MetanaupHus (Fig. 102 B, mx) yield the 
first maxillae. The under lip, on the contrary, is said to rise from a 
rudiment on the inner side of this limb. We should thus have to 
assume that, in this imperfectly developed limb, we have the rudi- 
ments of the first and second pairs of maxillae crowded together. 
MsTSCBNiEOFF (No. 53) also derives two pairs of limbs from this 
mdiment, hut identifies them with the mandible and maxilla of 
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the adult CirripeJe, the third Naupliua limb as well as the second 
being suppoaeJ to vanish completely. In the more posterior section 
of the body, ive find six pairs of ewimming limbs (r/), wliich, in 
their structure, BtrikingJy recall the thoracic limbs of the Copepoda, 
and are also similarly used as swimming feet. Each of these consisU 
of a two-jointed basal segment provided with an esopodite and endo- 
podite, each of these, again, >«ing composed of two joints and clothed 
with long swimming setae. Posteriorly, the body terminates in a 
short abdomen (at) composed of four segments, the last of which 
ends in two furcal appendages bearing long setae. 

With rcgnn] to Uia iiiUrnal organs, it should !» nientioned tbat, nt ibis stage, 
sto-like outgrowths of th&t eoIaigemcDt of the intestinal eansl nhic^h is called 
th« stomach Iwgin to aptiesr : tlieao ilcivclap into the so-called \We.r ; further, 
that the rudiment of the ovaries is to be s«en in the ebap« ot paired tubes 
aitunted ventrHlly in tlie cephalic regicn. 
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The freo-swimming Cj/pn's-like larva, after becoming finally 
attached, gives rise to tlie Jijeed Cyprit-like larva (Fig- 105) of 
the Ciiripedia, As, at this stage, the larva ceases to feed and 
loses all power of locomotion, while important external and internal 
changes are going on in the body beneath the cuticle of the Cypris 
stage (as if beneath a pupal integument), this stage has been well 
called the pupal stnge (Cy/wM-like pupa). From this, by the casting 
of the cuticle of the CyprU'\\]ta stage, proceeds the young 
Cirripede. For details as to the processes through which these 
transformations are brought about, we are indebted chiefly to the 
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observations of Babwik (No, 40), Pagbkstecher (No. 58), and 
Claus (Nos. 39 and 6). 

The larva attaches itself firmly with the suckiug disca found on 
the first antennae and by means of a sticky fluid secreted by the 
cemeot-gland. At first the whole of the ventral aurfaee is in contact 
with and parallel to the surface of attachment (Fig. 106 A and B). 
The changes whicli first attract attention are certain processes of 
growth by means of which different parts of the body approach the 
final shape. For example, the mouth-parts at the top of the buccal 
cone, whitli until now were very rudimentary, become distinctly 




developed ; in the Lepadidae the principal feature in this process ib 
the great increase in size of the upper lip The thoratn. limbs ilso 
elongate and become (Fig. 106 B) the rudiments of the tendnl like 
feet (r/). All these parta develop under the somewhat loose Cypns 
cuticle. The long teodril-like feet naturally have not the room 
necessary for development in the short envelope of the thoracic 
limbs of the Cijpris stage, and therefore become much curved, and 
even press hack into the thorax (Fig. 105). The abdomen degenerates 
almost completely, while from its base (genital segment) the unpaired 
penis pnyects as an outgrowth. 
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While these processes of growth are taking place, the whole 
thorax undergoes a Bignificaat change of position (Fig. 106 A and B), 
Whereas, in the earlier stages, the thorax lay almost parallel to the 
ventral surface, it now rises into a more perpendicular position with 
regard to that surface, so that the anal aperture no longer lies behind 
the oral aperture, but above iL Simultaneously with this change of 
position, a sharper distinction arises between the thorax and the 
cephalic region, the point (x) at which the wall of the thorax unites 
with the surface of the mantle shifting ventrally (r/. the position of 
X in Fig. 106 A, with its position in Fig. lOG D). 

Meanwhile many changes take place in the anterior cephalic region 
of the pupa, these being preparatory to its transformation into the 
stalk of the adult form. The broad basal joint of the adliering 
antenna first completely fuses with the head and is taken up into 
the latter, so that the adhesive antennae of the adult Cirripede each 
consist of only three joints. Further, somewhat behind this point, 
a deep infolding of the surface of the body occurs {Fig. 106 B, j/), so 
that that portion of the head which forms the stalk is at this stage 
sharply bent on itself. 

This fold arises by tlie withdrairal of the ntalk-in tegument from tbo cuticle of 
the Cyjiris larra. Some of the important organs of the larva, liowerer, which 
are not to W taken over into the adult, remain attached to th»t cntiole. Th* 
ohief or these are the [aired eyes (the NaupUus eye, liowever, passes over iota 
the adult Cirripede and is retained tbronghout life), and the chitinoua proocMa 
called by Dabwin the apodenieii, which served lor the atlaoliment at th« 
anttmnal musoles and are uast otr in the moult which follows. These delaila sni 
not represented in the figure. 

The most important change which now follows ia in the posit^m 
of the larva and the lengthening of the stalk which ia connected 
with it. By an opening out of the fold above mentioned, the larva 
now rises from tlie surface of attachment, its ventral surface standing 
at right angles to the latter. At the same time the stalk posses out 
from between the shell-valves of the Cypris stage {Fig. 106 C), and 
lengthens to form the adult peduncle. 

Darwin (No. 40] pointed out the Tact tbat the part by moans of which the 
attachment of the larva at first takes place does not corrcsjioDd to the frontal 
extremity of the body, hut to the most anterior jiortion of the ventral mrfaec 
Only after the upright positiuu has been assumed Aoea the frontal extremity 
come into contact with the anrface of attucliment, to which it is glued by a 
secretion. In Crylophiaha, on the contrary, and also in Aleippe, LOkotrya, and 
Aiuiatma, this part is not firmly attached, hut grows out furtlier. This farther 
growth can only take place when the mbstratmn can give way correspondingly. 
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In Arulasma, tlie substratum is affected by simple pressure, but iu the other 
forma just Dienljoncd by a boring action of the atnlk. 

The puBsge of the slalk out of the Cj^ria shell is rendered poaaible by the 
fact that the latter at this stage Bmrounds the body very loosely. Whereas, ia 
the Cspris stage, the whole of the cephalic regjon is ooutaiDed within the bivalve 
shell, in the adult, the anterior part of that sectton (the atalk) is not covered by 
the shell, here, as in the Cladocera, only that jmrt of the head which caniea the 
mouth-parts haing included within the shell. We may imaf(uie this change to 
have arisen at the time when the stalk grew out by a Mcondary flatteniDg out of 
that anterior [art of the rnantlc-fold which, in the Cirripede pupa, covered the 
moat anterior part of the head. 

The adult Cirrii>ede shell now appears more distinctly beneath the 
Cypria shell, and in it can be made out the first rudiments (primary 
valves, Darwin) of the five calcareous plates (scuta, terga, and carina. 
Fig. 106 C, ec, t, c). These primary valvee are diatinguislied by 
their sieve-like sculpturing, which is caused by the boundaries of the 
matrix-cella remaining evident in the calcareous secretion. The 
surfaces of the valves are covered by a thin cuticle. The primary 
valves do not directly increase in size, but new calcareous layers 
are continually being secreted below them, and these attain a 
size greater than that of the original valves. In a superficial view 
of the primary valves, they are now seen to be surrounded by 
concentric lines representing the subjacent calcareous layers. By 
this metiiod of increase of the valves, the non -calcareous parts of 
the shell which spread out between the valves become more and 
more circumscribed, but in some cases these intermediate sjiaces are 
retained to a considerable extent (Condiodemta). It should be 
mentiotied that in those forms which have a large number of 
valves, only the five primary valves are at first formed. 

The metamorphosis of tlie BaianidiK, in the first stages, resembles that of tlie 
Lepadidne. Here also the Ct/prit pupa givra rise to a young form attached by a 
short fleshy atalk. Only later dues the broad base characteristic of the Salanidat 
develop and form that external secondary maatle>ruld, within which the Dpper 
part of the mantle which carries the scuta &ud terga apjiears like an opercnlnm. 
The first rudiments of the shell are here membranous, and the sculpturing 
mentioned above, which is characteristic of the Lrpadidai, is wanting. 

While ths external form of the adult is reached in tliis manner, the inner 
organs are also undergoing iniportsnt changea, soma of which are as jet little 
onderatood. Some organs are cast oS at oolysis (paired eyes, antenna! apodemes), 
others simply degenerate (autennal musclea). Meantime the hepatio outgrowtha 
appear in the intestinal caiAl. The cement-gland increases ccnaiderably in sice, 
aod the genital organs ahow apecial development. The ovaries undergo their 
characteriatiu displacement, shifting to a position within the stalk. 

The moult which follows, and in which the cnticle of the Cyprit stage is cast, 
closes this period of development In the mouit, the outer cnticle of the two 
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«!iell-valvEs is coat Srst. the tborax aod t)ic iuncr luantle-csTity logiiig tLeir 
cuticle Inter. 

In inoBt of the Tlioraeica, metaniorpliosis aeema tn run the course aboTe 
tlescribod. Only in indiciduat istsoa ia it more abbreviated. Thus, accoi^ling tu 
Ko&KN and Dakielsses (No. 4S], the krvae of Anilaama squalimla pnM 
through the greater part of tbeir inctamorphoaia within tlie maatle-oavitf. 
EossuANN, however, describea tbe Nauplii of these foriua whose larvae, according 
to tlie above authors, when hatched, are provided ivitb six purs of linba. 
Paobkstecbbr haa rightly cotmoeted tliia feature nitli the ■ttachment «f 
Andtama to sharks. Still more Bbbreviatod is the nielaniorpboais of SadpeUitm 
StrBmii, the Cypria stage of vhich, sorrounded by tbe Nauplius caticle, waa 
found by HoEK (No. 46) even ivithin the egg-envelope. 
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B. Abdomlnalia. 

The metamorphosis of Alcippe, a form which bores into the 
columella of the shells of Fuma and Buctinttm (tispecially when 
these are iahabited by Pagurids) seems to agree in essentials with 
that of the Thoracica, The Nauplii were first described by Hancock. 
The Cyprit stage described by Dakwin (No. 40) is distinguished by 
the possession of six pairs of thoracic limbs, a fact worth mentioning 
in contrast to the reduced number and shape of these limba in the 
adult; only four pairs of these are retained, the first as a palp, 
the second biramose, and the third uniramoee. 

In Kodilorijie, which bores into the shell of Haliolle, Noll 
(No. 56) found two kinds of larval forms, a small form provided 
with adhering antennae, but without a mantle, and a larger form 
having a bivalve shell and resembling the Cypn» stage. It ia 
probable that the metamorpjiosis here is closely related to that of 
the nearly allied genus Crijptophia.hu. 

The metamorphosis of Orj/plophialus, first described by Darwik 
{No. 40), is greatly abhreviated. The egg here passes almost direct 
into the Cj/pris-liko larval form. There first arises from the oval 
«gg a larva in which two processes can bo recognised as the rudiments 
of the adhering antennae. A third process indicates the posterior 
end of the body. At a later stage, the adhering antennae are ap- 
proximated, while the body assumes generally a more pointed egg-Iifee 
shape. From this stage the Cyprin form emerges, in which can be 
distinguished the mantle-fold, the paired eyee, and the well-deTeloped 
adhering antennae. The rudiments of the thoracic Umbs are here 
wanting, but three pairs of setae are found on the abdomen. These 
larvae creep about by means of tlie adhering antennae in the mantle- 
ity of the mother, anil finally change into the adult form. For 
the development of the stalk in these forms, see p. 21S. 



0. Bhizocephala. 

The free-swimming stages of the Rhizocophala (Nauplivs or Cypria 
stage) were early observed by Fn. MOlleb (Xos. 5i and 55), 
KossMANN {No. 49), and others. The later ti-ansfonnatioiis, on the 
contrary, which bring about the transition from the Cypria stage 
to the parasitic form, were first observeil by Dklage (No. 41) in the 
case of Sueculina carcini. We shall, therefore, in our deecription, 
follow the statements of Dbl&ob, 

The Nauplius of SaeeuliTta carcim leaves the egg with a more or 
less compact form, but by a moult whi<;h follows soon aft«r batching 
attains a greater length (Fig. 107 A). Otherwise it shows the normal 
Cirripede type. The two frontal boms with their glands (gl) are 
well developed, aa also are the filamentous frontal orgau (/«) and the 
Nauplius eye (ua), lying close to the brain. As a remains of the 
labrum a projection ia found which is known as the rmh'um ; on 
the other hand, the oral aperture, the intestinal canal, and the anal 
aperture are wanting. The intestinal canal is here replaced by a 
large accumulation of food-yolk. The Nauplius limbs (/, ^, S) are 
developed in the typical manner, but the protopodites of the two 
posterior pairs are without the masticatory hooks usually found on 
theni. A median mass of cells lying within the body between the 
brain and the rostrum is assumed by Dbijigr to be the ovary (oe). 

Fbitz MOller ossertEil the prewDce of a. broad, ovikl, dorsal shield in the 
Naapiiia o( Saccaliiut. KossuKSH, Iiowever, has pointed nut that MUllbb's 
figures arc ot larvae about to undergo ecdjais, in which the Nauplius cuticle is 
no longer in contact ivitli the body. 

The moat important change found after a third moult is the 
further growth of the tlioraco-abdominal region of the Nauplitu, 
in which the six thoracic segments, with the rudiments of their 
limbs, soon appear distinct from the abdomen. At the same time 
the most anterior limbs begin to assume the character of the adhering 
antennae (Metanauplias stage). 

By the fourth moult the free Cypris stage (Pig. 107 B) is reached. 
In this moult the biramose limbs of the Nauplius stage are entirely 
cast off, and not only do the chitinoua envelopes of these limbs 
adhere to the cast skin, but it appears that even some of the soft 
parts are thrown off in the moult. The Cijpris stage in which, as in 
the former stages, there is no trace of an alimentary canal, closely 
resembles in form the similarly-named stage in the Thoracica. The 
bivalve shell has almost the same shape ; the segmentation of the 
thorax, the form of the swimming limbs {I-VI) are in agreement. 
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The abdomen (ab) ia very rudimentary, consisting of a single joint 
bearing two furcnl Bppeiidngea. The first antenna {/) is without 
sucking disc and cement-gland. It consistfi of throe joints: a basal 
joint which is hrnadened and connected with the chitinous apodemes, 
g middle joint, and a short, terminal joint provided with three 




Pio. lOT.— Con«culJni1>rvii1iUgH[)(aan-Ktliuarriril<in#rD(LtnK troa I s a 
A^ KauptiHt ifUr tho flrat moult. II, frefr^wlminiDg Cfpru fltigi?, C, Lj/pni ^ta^i- r1 
Iwn hH becoinr attubeil to s <cU (bb) of the boat. D, fonnillonortlie Kenlrvf/m Iw 
the HTnlniiiDii lirn nftir llio Cyprii ihnlL hu b«cD Ihrawn olt and Ibe siraw hu tanoid. 



hooked aetac. The KaupUus eye (ua) persists, but the paired ejTM 
are absent. Among the internal organs present at this stage, we 
note the very distinct ovarian cell-mass (or), the strongly -developed 
musculature, the persistence of the glands of the frontal horns {gl), 
and the accuraulationa of pigment and of food-yolk (/). 




The next stage ivhieh we may compare with Ihe pupa of the 
Thoracica is called by Delags the Kentrogon stage. In this stage 
the attachment of the larva to the body of the host {Carcinm maentia), 
and its passage into the body-cnvity of the latter arc accomplished. 
After the free Ci/prix-Uke larva has swum about for three or four 
days, it seeks out a host, a young shore-crab (from 3 to 12 rom. 
broad), and attaches itself to one of the integiimental setae {fili), one 
of the adheriug auteunae (/) of the CyprU larva surrounding such a 
seta near its point of inaertion (Fig. 107 C). The jwint at which 
the larva attaches itself is not, as we should expect, a priori, on the 
ventral surface of the alidomen (of the host), hut seems to be in- 
discriminately chosen. Fixation often takes place on the back of the 
host, or on one of tlie tegs. The nest change lo take place may be 
deauribed as n moult in which many important parts of the body are 
cast off (amputated). First the soft contents of the adhering 
antennae are drawn in, the apodemes (chitinons tendons of the 
antennal muscles) being at the same time expelled from within 
the body. These latter remain attached for a long time to the 
envelopes of the adhering antennae, which are also retained for 
some time (Fig. 107 D), as they are of importance in bringing 
about the attachment of the Inrva to the host While the soft ports 
are everywhere withdrawn from the chitinous envelojie, the thorax 
ia protruded far beyond the shell-valves and ainjmtaleii in toto 
(Fig. 107 C). This can only he accomplished by a somewhat 
extensive rupture of the hody-wnll, and, through this, remnants of 
internal organs are thrust out into the larval shell and lost. Thus a 
great part of the pigment found in the larva, aa well as reaiaina of 
food-yolk, are thrown out, the frontal glands and the whole body 
musculature undergoes degeneration, and the masseii of detritus thus 
produced, together with the Naiiplius eye, are now eliminated. The 
remainder of the body left after the separation of all these organs 
draws tf^ther to form a solid oval sac (Fig. 107 D), which soon 
becomes surrounded witli a chitinous envelojie. This latter is closely 
contiguous to the sac; only at its most anterior end, that turned 
towards the adhering antennae, it can he noticed that the soft body 
seems to lie naked against the inner sides of those organs. The 
newly-fonned envelope is in this region probably exceedingly delicate, 
and very closely apposed to the iimer surface of the antennae. The 
layers into which the contents of the sac break up are at this stage 
not at all clear. A superficial ectodermal cell-layer can, however, be 
distinguished from the inner mass which, in all jirobability, is meco- 
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deniial, and the chief constituent of which is the ccll-mass of the 
ovary. Besides remains of pigment and food-yolk, other mesodermal 
elements no douht enter into the formation of this second layer, from 
which are to he derived the rudiments of the testes aa well as the 
musculature aud other organs of the adult Sacetdina. It is important 
to bear in mind that the encysted sac thus produced has been deriTed, 
after the expulsion of the whole thorax, exclusively from the c«ptialic 
section of tlie Ci/pris larva. 

The soft body of the sac-like larva now begins to develop a small 
fine point at its anterior end (Fig. 107 D), which protrudes into 
the inner cavity of the 
antenna used for at- 
tachment, and this is 
followed by the secret- 
ing of a new chitinons 
envelope at the surface 
of the soft body (second 
moult of the Kentrogoa 
sUge, Fig. 107 E). As 
the new cuticulai layer 
thickens considerably 
overthia anterior point, 
it forms the arrow-like 
tube which character- 
ises the Kentrofftm 
stage. This tube, in- 
creasing in length and 
beconiing somewhat 
he lit, invaginates tlie 
anterior surface of the 
sac (Fig. 107 E). At 
this sUgo the cast off 
Cypris shell is either 
only very loosely at- 
tached to the sac, or 
is even completely 
severed from it. 
The protrusion of the arrow now takes place (Fig. 107 F, pf), the 
invagination just described being ro-evaginated. The arrow first 
enters the inner cavity of the adhering antenna, and thi 
ducted by the latter, passes into the soft articular membrane of the 





RHIZOCBPHALA. 226 

seta to which the C^prig-like larva attached itself. Through this 
membrane the arrow bores, thus establishing a communication between 
the inner cavity of the aac and the body-cavity of the host. During 
these jirocesaee the soft inner body Ijecomes surrounded with another 
very delicate cuticle (third moult of the Kenirogon stage). 

There is at this point a gap in our knowledge of the development 
of Saeailina. There can, however, be no doubt that the soft boily 
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of the larva passes through the conal of Die arrow, so as, in this way, 
to reach the body-cavit) of the host. The Saeculina thus becomes 
an endoparasite (kateulina mleinn). 
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Saeculina interna. Tlie eudoparueitic larva now wauders from 
the point at wliicli the attaehmeat of the CyprU larva occnrred, 
further into the host, until it reaches the ventral side of the intestinal 
canal where its final fixation takes place. At the same time it sends 
out an exceedingly wide-spread network of rootleta which peneti&te 
throughout the whole body of the host, covering superficially all the 
organs and only leaving the heart and the gills unaffected. At the 
point where the actual Sacctdina lies, all the rootlets gather together 
to form a plat* (basal membrane, Fig. 109, B), in tlie middle of 
which can be seen a swelling {central tumour, Fig. 109, G). The 
body rudiment of the Socculina lies eunk in this central tumour 
as its ao-called nudetu. The rootlets, the basal membrane, and the 
central tumour show essentially the same histological structure. They 
consist of a superficial epithelium (ectoderm) and an inner caTemous 
tissue composed of star-like anastomosing cells of connective tissue. 

The nuclmi (F[g. 108) ia completely annk in t!iB central tumour, and therefore 
lies in a cavity which is called by Dblack the perivixerat cavity (jli), and wlueh 
opens externally through one small ai>erture. Etcd this aiwrture closes (Fig. 
108, B), to re^apjwar later iu the form of a trauhverse fisauro (Fig. 109, /, /aiU 
de soHit). The point at which the nacleiia is in conlsot with the wall of the 
perivisceral cavity ia now known as the stalk (peduncle) of the nuclcua. 

In the nucleus itself, a superficial ectodermal layer can be dis- 
tinguished (Fig. 108 A) which, near the stalk, passes into the wall 
of the perivisceral cavity. The inner mass of the nucleus at this 
stage consists almost exclusively of the rudiment of the ovary (w) ; 
but in the stalk there are some mesoJerm-cells which ore of 
importance in connection with the development of the testes, the 
musculature, the connective tissue, &a. 

Delamination next takes place in the ectodermal layer of the 
nucleus, whieh divides into two layers that shift apart (Fig. 108 B). 
Into the space between the two layers, some of the mesodcrm-oells 
just mentioned wander to yield the musculature of the mantle. The 
two layers of ectoiierm which have thus arisen are known as the 
oti^ei- (am) and inner (ivi) mantle-laijert, on account of their relation 
to the future mantle of the Socculina. A second similar process of 
delamination now takes place in the inner mantle-layer, an inner 
ectodermal layer surrounding the central part of the nucleus being 
thus split off. The latter, as surrounding the future visceral sac, is 
distinguished as the periviseeraX ectodermal layer (pe). Between it and 
the inner mantle-layer there now appears a cavity lined with chilin 
(Fig. 109, 6); this is the so-called bruod-eapifi/ {cavilS inmbalrice). 



We thus see that, by changee in the iiucleua, tlie most important 
parts of the hody of the adult SacauUna begin to be formed ; viz., 
the inner visceral sac, the brood-cavity, and the mantle-fold which 
AUirounds it. TIte visceral sac ia not completely encircled by the 
brood-cavity, for, at the point of attachment of the sac, the inner 
mantle-layer passes over into the perivisceral ectodermal layer; this 
transition point is the so-called vteeenteri/, which Dklaoe assumes to 
have a ventral position in the body. 

Having now obtained a general idea of the (level npm en t of tlie form of tLe 
body in Saeeulimi, we must add a few vronis m to the rise of its most important 
organs. In the nuntle region the chinges ire not great In tlie late stages, 
the mantle-cavity breaks through into the perivisceral cavity, and thus arises 
the cloaml aperture (Fig, lOB, cl), which lira altnost opposite the ataik of the 
Satculina, hut somewhat to the left side nf the body. While the ectodermal 
cells of the luanCle lengthen to form transverse connective fibres (Fig. IDS S), 
the mesoderni -cells change into longitudinal rauacle-atranda and the sphincter of 
ttie cloaca. 

Uore important alterations occur in the region of the visceral sac. The 
^nglien (j) here forma by an immigration of ectoderm -eel is, in which not only 
the perivisceral ectodermal layer, but also the inner mantle-layer (by means 
of the mesenterial margin I) are said to take pai't. Whereas, in earlier stages, 
the whole inner space of the visceral sac nos almost eiolusivcly occupied by 
the ovariui rudiment, Dumerous inaenchijme-ctlla now wander from the atolk 
into the perivisceral sac, surround the ovary, forming a peritoneal envelope 
aronnd it, and fill the space between the body- wall, the ganglion, and the ovary. 
The ovuian rudiment simultaneously breaks up into two lateral lobes connected 
by a commissure. The manner in which the short oviduct arises is not quite 
clear, bat Delaoe believes tliat be can trace it bock to a paired lateral eoto- 
'lermal invagination. This latter, widening inwardly, gives rise to the so-called 
atria (n), on whose walls the glanda of the orartan mc (cement glands, di) 
appear as lateral outgrowths. The vosa d^ererUia arise in the same way 
through ectodennal invaginations near the stalk of the visceral sac. while the 
actual testes (f) are derived from tnesodenn- cells which become attached to the 
«uds of these ducts. 

After the SaeeuUna, completely enclosed within the central tumour 
{in the perivisceral cavity), has in almost every respect attained the 
jjrade of development of the ndult, it rises to the surface of the central 
Uiraour, passing out through tho widened opening of the perivisceral 
<:avily (Fig. 109 A, /). The fold by which this cavity was formed 
now draws hack to the hase of the stalk and soon entirely disappears. 
An increase in size takes place in the Sacndina after leaving the 
central tumour, and this causes constant pressure on the ventral wall 
of the abiiomen of the host (Fig. 109 B, L) leading to gangrene of 
the part thus affected, and to the consequent formation of an opening 
through wliich the body of the Sacailina passes out freely, its stalk 
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atill connecting it with tlie basal plate aud the network of rootlets 
witMu the host. 

The Saeculhia is, by these processes, changed into a Sacetilina 
esrtema (Fig. 109 B). The parts that lie outside of the host now 
become strongly chitinised, there is further increase in size, and the 
stage of sexual maturity is reached. 

The metamorphoeia of Sacrnlina above described is without doubt 
one of the most remarkable processes of transformation in the animal 
kingdom. The intercalation of a temporary endoparasitic condition 
must no doubt bo referred to the protected position thus obtained, 
and, indeed, the whole process of development of this form has 
undergone marked coenogenetic changes. Although, considering the 
unusual simplification in structure of the Kentrogon larva, we may 
not be ontogenetically justified in tracing back the various parts of 
the adult body to those of the Oyprig-Wk.^ larva, the consideration 
of other forms {e.g., Anelaawa) leaves ns not a moment in doubt as 
to how the body of the adult Saccuiina is to be interpreted; Such 
consideration would load us to compare the peduncle of the SacruHna, 
running out at its base into root-like processes, to the stalk of the 
Lepadidae, the mantle of t!ie Saccvlina to the shell of the latter, 
and the brood-cavity of Saeculina to the mantle-cavity of the 
Lejiadidae. The cloacal aperture would then correspond to the 
shell-cleft in the latter family. This interpretation is supported 
most of all by the similar position of the ovarian aaca in these 
cavities. It becomes probable, on comjiarison with Anelasfna, that 
Dblaob's definition of the mesenterial margin as the ventral side of 
the SaceuHtta is actually correct. 

Frequent attempts have recently been made to oppose the Rhizo- 
cephala to all other Cirripedia as an independent group (sub-order). 
On the other hand, it must be pointed out that they, in the Nmiylitu 
and the Cj/pris stage, show such complete agreement with other 
Cirripedes that too great stress must not be laid on changes of 
structure which have evidently arisen secondarily as the result 
of parasitic life. 

D. Aacothoracida. 

This group comprises a few forms (Laara Gemrdiae, Sj/nagoffa 
mira, Petrarea bitlhi/aelidU) which live parasitically in Anthozoa, and 
DendroQOKter aslerieola, an endofiarasite in the Asteroidea (Solaster, 
Eehinaeter). In the most im]>ortant features of their organisation, 
these forms are true Cirripedes, although they claim a special 
position within that group. LauTa Qerardiae, thanks to the re- 
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aearchea of LACAZB-DDTHiERa (So. 51), is the member of this group 
which we know beat. The animal is surrounded by a large mautle 
which liere ehowa direct relation to the shell-valvea of the Cr/pris 
stige ; each half contains between its two lamellae not only the 
hepatic outgrowths of the intestinal canal, but also the ovariea. 
The body proper appears very much reduced, but is still distinctly 
segmented, the mouth-parts are adapted for sucking, the six (ot 
five) pairs of thoracic limbs have degenerated, and the abdomen is 
short. It should be mentioned as a characteristic of the group that 
the first antennae are here never used, as in other Cirripedes, for the 
attachment of the body. For the general morphological elucidation 
of these fonns indeed, we must compare them not with the adult 
Lepag, hut rather with the free-swimming Cijpris larva. 

Very little lias 1;eea matle known, np to the prewat time, of the ontogeny of 
these forms. Tlie cleavage of the egg in Laura seems to resemble that In 
Balanus. IhtNatipUi at Laura 
show very little ainiilarity with 
the typical Cirrlpcde Naupliua, 
on account of tha Bbsonco of 
the very charaeteristic [rontal 
horns. A small farm ohserved 
by LACAZE-DrraiEiis, and no 
doubt representing b stage in 
the course of development of 
Laura, tnay possibly be regarded 
as a comptemental male. Tlie 
CyprU stages of DendrogatUr 
(Fig. 110), however, are known 
(KNiPOwiTSua, No. 47), the 
metaniorphoBis in this form 
appearing to be abbraviat^d, no 
free JVnu/j^iiM stage lieing passed 
through. The larva, in which 
an anal aperture, as in the adult, 
is wanting, boars a general re- 
aemhlanoB to Ihe CypHs stage 
of the Cirripedia. Botli the single and the compound eyes are, however, 
wanting. A vary large olfactory filament (a') is developed on the firat atitenna. 
There are Gve biraniose |>airs of thoracic limljs ; the first abdominal segment 
carries the rudiment of a jwnis (p). The abdomen, [ah) ahich is distiugiuahed 
by its length, consists of five joints and the fnrcal appendages. 

R The Morphological Deriratioii of Vba Complemental Male. 

The sexual differentiation of the Cirripedia is very complicated 
and dlFBcuU to explain. As a rule the Cirripedia are heriR aphrodite. 
We shall not err if, considering the almost universal separation of 







the sexes iu till other Crustacea, ^ve regard this heniiaphroditiBiu as 
Becondaiily acquired in cousequeuce of the attached munneT of life. 
We must assume lliat the free-awimwing ancestors of the Cirripedia 
were of Beparate sexes, and that hennaphraditism was only gradually 
acquired after the lixed sedentary mode of life had become fully 
established as a charactoristic of this group. While, ia the Balanulae 
aud Rhizocephala, hermaphroditisiu liaa become the exclusively 
precailiug condition, there is a tendency iu many groups of the 
Lepadidae to retrogression in the direction of the separation of 
the sexes. Male forms here appear either side by side with herma- 
phrodite individuals, being then called co/nplemenlal males, or else, 
in cases of the complete separation of the sexes, in company with 
true femoJea. These complemeutal males are always amallet than 
the hermaphrodite individuals or the females; they are found 
attached parasitically to the bodies of the hermaphrodites or females. 
In isolated coses, the shape of the body in the male deviates only 
slightly from that in the hermaphrodite {Scnlpelluin villoium and 
S. Peronii), but in otiier coses there is striking sexual dimorphism 
in this respect, the male undergoing a process of degeneration in 
which the calcareous portions of the skeleton, the limbs, the mouth, 
and the alimentary canal have been lost, thus sinking to a very low 
grade of organisation, and becoming actually a dwarf or complemental 
male. The following degrees of degeneration of the male are found 
in the genus Sealpellum (Hoek, No. 46). 

I. True hermaphrodite forms (Sealjiellum batanoidee, Hois.). 

II. Ijirge hermaphrodite forms with small complemental males. 
(a) The males resemble the hermaphrodites in structure. 

The division into capitulum and peduncle is recognisable, mouth 
and alimentary canal are present (Sealpellum vitloaian, S. Peronii). 

{b) The males have degenerated ; they are without mouth and 
intestine; without a shell, or have only a vestigial shell; without 
a peduncle {ikalpellum vitlgare, S. roitratum). 

III. Separate sexes. Tlie female is large and resembles the 
hermaphrodite individuals of the other species. The mute is very 
small {Sealpellum orntUmn, S. reijium, Uoek, etc.). 

Tbe Abdominalia {MUippe, Criiptnpkialtii) sbow r diSereatiatioa akin to that 
of thLi last group. Hcr« alno we fliiJ separation of tlia seiea with liigUlj dorelopcd 
sexual dimorpliiiio. The complemcDtal mates appear very much reduced. They 
harci DO tendril-like feet, no nioutb, and do atinipntarj canal. In other respects, 
if we take into account tlie reduction that has commenced, their structure oan 
be tnced hack to that ol the female. 

A condition rwemUing that above described for ScalptlliiM is found in Om 
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genua Ibln. In Iblii qiiail rival Bit, side by aide with the hermaphrodite form, 
Iherc IE H small complenieatal male with a Isrge pvduncle, but a very reduced 
eapitolum and a diminished number of thoracic limlig, while in Ibln Cumin^i 
a similar male is Toimd side by side with a true female, complete aeparation of 
the aexea being here obtained. 

It follows from the above that, iu accordance with Hork (No. 46), in tracing 
the sexual mudltion of the Cirripedcs, wo start from tbc hermaphrodite form, 
proceeding to others with dwarf males in company with hermaphrodite 
individnaJs, and reach finally a complete separation of the sexes in which 
marked sexual dimorphism has secondarily developed. The series of com- 
plemental males, as well as the dwarf males, would tlins be derived from the 
hermaphrodite farm by the degeneration of the female genital rudiment. It is 
perhaps difficult to imagine how the want of complemental males can in the first 
instance have made iUelf felt in hermaphroditic forms. But we must bear in 
miod that, according to F. UOller, cross -fertilisation appears to be the rule 
even among the true hermaphroditic Zrpadiiiae. This cross- fertilisation is of 
the greatest importance in securing tlie vitality of the race ; but owing to the 
fixed mode of life of the Cirripeilia tbere is some danger that it may not take 
place. All such danger is precluded by ttie development of these dwarfed forms 
living semi-parasitically on the larger hermaphrodites. The dwarft, by the 
atrophy of their ovaries, have become males, and by the attachment to the 
hermaphrodites eosure cross -fertitisation. We most regard this oondition as a 
partial retrogression in the direction of separation of the sexes, which has again 
been reached in individual cases in the further course of this development 

The view sketched above is in opposition to that of Clauh (!4'o. S), according 
to which the sexually distinct forma {e.i/., Alcippe and Cryplophialm) have re- 
tained the primitive condition. From tlds originally dioecious condition, by a 
transformation of the females into the large hermaphrodite form, the condition 
found in most Lepadidae was develo[ied, while the malea were only retained in 
isolated species as complemental males. Consequently the males would b« a 
vestigial remainder from those times when hermaphroditism had not yet become 
the rule among the Cirripedia. The ocourrence of dwarf males side by side 
with hermaphrodite individuals in a number of forms would he easily explicable 
by this ingenious theory (not, however, in Scalpellum vitlosiim and iS'. Ferimii). 
BoEE, however, has pointed out in opposition to it, that, in this case, the dwarf 
males ought to show a greater resemblance in structure to the Cypria form than 
they actually do show. The dwarf males in reality appear to be connected by 
gradual transitions witli the complemental males of Scalpellum inllosum and S. 
Pfronii, which latter forma are eviiiently to be derived from the hermaphrodite 

The view held by Clatts would apply to the Bhiwicephala if the statements of 
Fr. HCllku and Dei^oe were to prove true that complemental males occur in 
these forms which, throughout life, do not develop further than the CyprU pupa. 
But this last view, which rests upon the discoveiy in the cloacal aperture of a 
young Saeculina crttnut of an attached dead Cypris envelope, must still be 
oonaidered doubtful, and has octuaily been denied hy Giard. 

6. Oopepoda. 

The Copepoda are very numerous and rich in varietiea of form, 
in Bpite of the simplicity of their body segmentation ; they never- 
theless show morphological characters which, in relation to those 
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of the hypothetical ancestor of the Entomostraea, must be regarded 
as decidedly degenerate. Among these we must reckon the small 
size of the body and the comparatively small number of iu 
Eegmenla, the reduced form or entire absence of the lieart, the 
want of separate respiratory organs (branchiae), the loss of the 
paired laterul eyea, which are retained only in the families Cory- 
eaeidae and Ponfdlidae, and perhaps also the slight development of 
the dorsal shield. On the other fiand, there are certain indications 
that the Copepoda ought to be counted among the most primitive 
of existing Crustacea. Among these characters we should specially 
mention the use of the two pairs of antennae as loconiotory and 
clasping organs, the very primitive structure of the mouth-parte in 
the free-living forms (occurrence of a hiramoee mandibular palp, the 
segmentation of the first maxilla. Fig. 91 A, p. 194), and the meta< 
morphosis which, in the free-living forms, shows very priioitive 
features. 

With regard to the segmentation of the body, we must distinguish 
as the most anterior region of the body a simple cephalic region 
carrying the antennae and the mouth-parts. The latter consist of 
three pairs of appendages (mandibles, first and second maxillae), the 
last pair separating into two appendages (the exopodite which shifts 
forward is called the first maxillipede, the endopodite which shifts 
backwards yields the second maxillipede). The tlioracic region con- 
sists of five segments provided with biramose swimming limbs (Fig. 
90 A, p. 193); the last of these segments may be vestigial, whilst 
the anterior segment often fuses with the cephalic segments, this 
union giving rise to an anterior region known us the cephalo-thorax. 
The abdomen consists of five segments, the most anterior of which 
alone carries the rudiment of a limb (genital prominence). A fusion 
of the two anterior abdominal sogments usually gives rise, in the 
female, to a double genital segment which bears the genital aperture. 

In a few J'onUUidae, tlie cephalo-thoracic region, by the ajilwaranca of 
(lomarctCiuns Ixttwven tho seftnients, liecomes subdivided into regions (eadi 
consistiDg or two segments]. Tliis peculiarity Htsiids almost alone in tho wkolo 
series at Cruatoces. Such a segnjeutation can only be regarded as a secondarf 
rc-appcaranec of the long-lust iDdc]ieiidenL'e of t)iL- cepliiLlic segmunt. It has, 
nevorthetcsB, a certaiii interest. 

A. On&thostomata. 

The metanior]>hosiB of the free-living Copepoda is accomplished aa 
a very gradual transition from the Ifaufilius to the adult form through 
many moults. There is, however, at a certain period, a more sudden 



CNATHOSTOMATA. 233 

cliange of shape, and this enables ns to separate the course of 
metamorphosiB into two periods, the first comprising the series of 
Ifavplim and Metanaiqiliua forms, while the seeond is diatingtiiahed 
ly a name taken from the metamorpLosis of the Cydopidae as the 
series of Cyctopg-MVe larval forms. In the first series, the Nauplius 
limbs show a general resemblance to the primitive form, the abdomen 
is not yet distinctly marked off, and the furcal processes have not jet 




Fio. 111.— tdml itagu o[ CdocAUiu leplcntriamMi (afln- OBOBuni, from Luia'g risMwA). 
A, yoHjitJu. B. UttHHinifltiit. C, oldei Vdawiupliiw. I uil S, flnt uid awniiil anteonw ; 
J,iiiudlblai«.mu<L1iif, S, tiDpodlteiad endopodite of Ilia xwond iniillli (^nnt ud 
BceoDd iiiuilU[iadM): I.II, flnt and SHond p^r>of thorujc llinbi: an. uiua; a, hcBlu; t/t, 
genlUl wlLa : ••, inwith ; wu, priinitLvo iui«odenm:all» ; nl, oppcr lip. 

developed. In the second series, these last ndvBDCes in devolopment 
are made, while the antennae and mouth-parts approach the adult 

The development o( the free-living Copepoda has been specially 
inveBtigated by Claub (Nos. 64 and 67). We take, as the foundation 
of our descri|)tion, the metamorphoais of Celockilas, which has been 
minutely described by Gbodben (Na 73). The free-living Copepod 
leaves the egg as a strikingly unapecialised IfaujUius (Fig, 111 A). 
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The body, which is usually oval (only in individual cases long, trans- 
versely hroaileneJ or barrel-shaped), allows no traces of external 
segmentation, and carries on its ventral aide the large upper lip (trf), 
aa well as the tbree typical pairs of Nauplius limbs (/, S, 3). The 
anterior limb (first antenna) is uniramoae, the nest (second antcana) 
biramose and provided wiLh a masticatory book on the protopodite. 
The mandible in Celoehilw is without such a masticatory procesB, 
and is a simple bimmose swimming limb. The limbs are beset at 
their ends with long setae. 

In the alimentary canal we can distinguish a atomoJaeum, a long 
enteron, and a proctodaeum. The latter, in Celockilus, in the first 
Nauplius stage, is still foond as a solid ingrowth of the ectoderm, 
the anal aperture not yet having broken through. The nervous 
ayatem is still connected for its whole course with the ectoderm. 
As a sensory organ, we find the Nauplius eye. The coiled antennal 
gland, wliich is probably developed at this stage, functions as 
excretory organ, besides which the cells of the enteron seem 
to have undertaken an excretory function ; urinary concretJons 
have, at least, been proved to exist in certain projecting cells 
in the enteron of the Naupliut of Cr/dops (Lbtdio, Fig. 89, dg, 
p. 191). 

The terminal region of the Nauplius is sharply bent Tentrally* 
and provided with two setae. We here find, internally on each 
side, a large raesoderm-cell (me) ; these are assumed by Orobbih 
to bo primitive mesoderm -cells. 

Later Nauplius tiages are distinguished by the greater length of 
the body and by the ou^owth of its posterior region. During this 
latter process, the more strongly chitinised integument of the dorsal 
parts becomes marked off as the cephalo-thoracic shield by the de- 
velopment of a fold at its margin. The proctodaeum has now become 
perforated, a distinct dorsally-]>laced anal aperture being apparent. 
T)ie brain is connected behind the Ti'auplius eye with a paired 
ectodermal growth, in which can be recognised the rudiments of 
paired lateral eyes and their optic ganglia (secondary brain) ; these, 
at a later period, become vestigial The rudiment of the genital 
organs is to bo recognised in large mesoderm -cells lying one on 
each side of the alimentary canal (Fig. Ill E). 

There now appears, behind the mandible, a small biramose limby 
the rudiment of the first maxilla {4)i ^''^^ ^^b larva passes into the- 
firet Metanaupliua stage (Fig. Ill E). 

A later Metanauplius stage (Fig. Ill (7) reveals three more rodi- 
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ments of linil.is, viz., tlio second maxillne (5), from the two britnchys 
of which the so-called maxiilipedoa of the Copepoda are derived, 
and the first two pairs of thoracic liniba (/, //). This atiiga still 
has a distinct Nauplius appearance. The hodj has grown in length, 
bat still, when seen from the side, allows the uharactcristic ventral 
curvature. The posterior end of the body is atill without the furcal 
processes. The two pairs of antennae have not essentially changed 
from their condition in the former stage, escejit in the increased 
number of their setae. The masticatory hooks are still present on 
the basal joints of the second antcDnnc. In the mandible (3) a 
large mosticittory blade can be seen projecting from the basal joint. 
The first maxilla (4) is like a small lohed plate, ivhile, in the second 
maxilla (5), indications of the separation of the cxopodite (so-called 
anterior or outer maxillipede) from the endopodite (so-called posterior 
or inner masilHpede) are to be seen. The rudiments of the two 
anterior pairs of thoracic limbs are found as bilobod swellings (/, //), 
At this period, several moults take place, no essential change occur- 
ring in the shape of the larva, Ireyond the apftearance behind the 
second thoracic segment of the rudiment of a third. The whole 
series ends by a moult through which the larva passes on into the 
series of Ci/clojm-Uke stages. 

The first of these stages, which, in accordance with the accepted 
terminology of the Copepodan metamorphoses, we shall call the Jirgt 
Cyclops elage (more correctly named Cetochilua singe by Grobben), 
reveals essential changes of form. The body is no longer flexed 
ventrally, but is straight. Its moat jKisterior region is sharply 
marked off from the anterior portion of the body by a constriction ; 
the furcal appendages and the rudiment of a fourth thoracic segment 
have developed. The limbs approxiuiate in shape to those of the 
adult, although they have not so many joints. The first antenna 
has passed from the short Ieaf-shai)e into the long, cylindrical, 
oar-like form ; it stands out laterally from the body, and conaists 
of many joints. The second antenna has remained biramose, but 
has lost its masticatory process ; on the mandible, the masticatory 
blade has greatly increased in size. The maxilla is larger and more 
richly jointed, the maxiUipedes have become transformed into large 
prehensile organs. The two anterior pairs of thoracic limbs have 
developed as swimming limba ; the basal segment of each already 
consists of two joints, but the two rami are still unjointed 
third pair of thoracic limbs, on the contrary, can only he recognised 
as a pair of bilobed rudiments. 




ted ; the 1 

^cognised 11 



236 CRUSTACBA. 

Among Ilie tnuiarorniations which take place in the intemul organs during 
the Cyclopa atagL>s, we must mention the degeneratiou of the paired optic 
rudinipnt and of the seoondsry bntin. Now fur the first time the nerves which 
mn to the paired frontal organs are distinctly recognisable. The antemtal 
gland di>generates, n-hile the aliell-gtand, which opens extermtUy at the baie 
of the anterior maxiltipeile, becomes functional in its stead. The anal aperture 
no lunger Uea dorsally, but shifts to the posterior end of the bodj between 
the tvo furcal appendages. The genitaJ organs show an advani^ by an incteuc 
in number of genital cells and by the development of the efferent ducts. The 
paired gEuituI nidimentu now nieet above the intestine and Aise to fonn a 
single gland. The lieart develops Wtween the lirst and wcosd thoia^ 
segments out of a ^Aired rudiment of mesoderm -cells. 




; 
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Tjo. 113.— Two stage! ot develo[Hnant of CaxOutantplai ilapkylinui (itter Cuna). , 
noujiKiu sUga. B. Cv^lajn lUg* with itiiet gain of iwtmming llmln. a', fln 
a", Aecond antenna; md, maD<1lblfl ; mr, miidJLa; nf^ Kconil uisxiUs (ruilEment 
wMallediiiailUrpcdn}:!!^, DnCHMwUcd niullligwde; tV", Hoond soallcid insillUFidai 
p'l P"i P'", Knl, HCoDd, and tblrd [Hiri of tboracii! Ilmtai. 

In the »eeond Cyclops stage (Fig. 112 B), there first appear the 
rudiraonta of the limbs of ths fourth thoracic eegraent and the 
delimitation of the tlflh thoracic segment. Tims we And, at this 
Btage, behind the cephalo-thorax, four free thoracic segnienta, and, 
following these, the as yet unsegmented abdomen. Of the thoracic 
limb?, the three anterior pairs are well develojied. In the third 
Cydops stayc, the fourth pair of thoracic limbs has attained full 
development and the firet abdominal segment has formed ; in the 
following Cyclops stages, the gradual segmentation of the abdomen 
takes place, as well as the complete transition of the limbs to their 
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final shape. Besides the formation of u more richly segmented 
body, in tlie families of the Cyclopidae and Coeyeaeidae, the (inner) 
accessory farancli of the second antenna is lost as early as the first 
Cydops stage, and the mandibular palp degenerates. 

The DietamorphoBis of tlia Calanidae [CetodnhiK), which hss hers been 
oaosidered as tlie type, ia diBtitiguiahed by the regular deTelapmant of the 
limlifl from liofore backwaniB, but in the Earpacltdat (Fig. 112) and Cyclopidae 
an exception to thin regular order i» found in the second maxilla (m/), which 
in the later Ifauptiiis stages bae, indeed, begun to form, hut ia still in an 
exceedingly nidinientftv; condition, ao timt the jiair of limbs which follow it 
preceile it in development. We havo here a parallel to the oonditioa of the 
maxilla in the Phyllopoda. 

B. Parasita. 
The free-living Copepoda are connected with the more specialiBed 
pBTBBitic genera by many transitional forms which mark the varions 
degrees of parasitism, and we consequently also find various stages in 
the transformation and degeneration of the segmentation of the body. 
It may be laid down as a general rule that the female, on account of 
the part played by her in reproduction, shows a greater tendency 
to adopt the parasitic mode of life, and consequently to undergo 
degeneration of the locomotory organs, obliteration of the boundaries 
between the segments and deformation of the body. Thus, even in 
the little modified Sapphirina, we find that the females become 
parasitic in the respiratory cavity of the Tunicata, or in the umbrellar 
cavity of Diphyet, while the males are always found swimming freely 
about. An extreme example is found in Lernaaa (Fig. 114 ^ and B), 
the metamorphosis of which ends in a Cydops-WVa free -swim mi Jig 
stage, during which copulation takes place ; the female afterwards 
becomes attached to a fish (often one of the Gadidae), and undergoes 
great deformation of the body (Fig. 114 C and D). Heteromorphism 
of the sexes develops in this group, in so far as the male is only 
slightly removed in the segmentation of its body from the Inter 
Cydopg stages, while the female is greatly transformed in accordance 
with her parasitic habit. The same is the case in the PhilichthyuUie 
and the Oiondraeanlhhiae, In some forms, on the contrary, the 
male also departs from the Cydops-WVo shape of the later larvid 
stages by a secondary transformation. Whereas, in the Caligidae 
and Dieheleatiidae, the two sexes are not strikingly different in 
shape of body or size, in the Lernneopoda (Fig. 115 yj and E), 
the heteromorphous development of the two sexes takes place in 
s way different from that shown in Lemaea, The males here 
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participate in the degenenition of the lioJy- segments as a result 
of their parasitic life, and Uiey further undergo arrest of growth, 
8o that an enormoualy large female is tontraaled with a dwarf male. 
This kind of heteromorphous developmont of tha two sexes must 
he regarded as an excessive iidaptation to the different aexnal 
functions, which is rendered possible by parasitic life. 

The parasitic forjna can be deduced from the free-living forms by 
imagining that the latter have, in consequence of parasitism, under- 
gone certain changes. Thus the parasitic Copepoda first passed 
through MetanaiipltJig and Cyelops stages to a stage approaching 
the ehaiJe of the free-living form, and then, through a aeries of 
further stages, attained parasitic deformation. The metaniorphosis 
of the parasitic Copepoda has thus been lengthened by the addition 
of final parasitic stages. The first two series of stages, howerer, 
seem to be correspondingly shortened. The larvae of the jmrasitic 
Copepoda frequently do not hatch in the Nariptius form, but in 
an advanced Me{anauj,lius stage, or even in the Cydopa stage (Fig. 
73, p. 148; CJimi'lyaeanihtm, Ti-aekeUa»tee, Aehiheres, Anrkoreila, 
BrachieUa, etc.). On the other hand, the metamorphosis may he 
shortened by the suppression of the later Cyelojis stages, siuce^ in 
cases of the most specialised parasitic forma, the very first Oydojn 
stage passes at once into the parasitic form {C/iondraeanlhue, 
Lemaeopodidae ) . 

A further distinction between the metamorpboeis of the paruitie 
Copepoda and that of the free-living forms arises from the circum- 
stance that, even in the larval condition, a sedentary manner of life 
(on the gills of a host) is adopted, and that, in keeping with this, 
there is a development of a peculiar attaching oi^an (the frontel 
hand of the larvae in the Califftdae, Lemaea, and Lenweopodn) uid 
of resting stages with reduced limbs (so-called pupal stages). 

It would take us beyond the limits wc bavc assigned Co onrsulv-Pa to give 
a corapletfl enumeratiou of tha very acsttered notices of individual larval rorma 
amoug tlie paraaiLic Copepoda, especially as there are atill many gnt" i" ^' 
observations made on the development of these Iona%. We must content 
oDrselves with selecting > few of the more important fomu, of whose n 
morphosis a more accurate knowledge has been obtained. We must here, in 
the nnt place, He]Kimte tiiose larvae which apparcutl; &re not provided vith 
the larval adhering Apiiaratus (frontal band) Trom those in which such an oi 
han been obsBTved. 

In thoM families in which the adnlt retoinB more or leas of the body a^ 
mentation of tbL> free-living Co|iepoda (s.fr., Corytaeidat and the Nulodelphgtdae, 
which Utter ia placed among the Gnathostomata), tlio nietamorplioiiia apptan 
not to diffvr casentially from that above descril>ed for free-living fomis. In Ilia 



CkoHdnuaiUkidae, on the crmtrary, we find tha ahova-niantioned nbbroriilions 
«r metnmorpliosis. The yonng Urvae whioh hatch from the egg of Chondra- 
tanihiu ffi^xut already show behind the Naupliu4 limbs the nidinients 
of two other pairs of limbs, and moat therafore be dascribed as ifelmumpHi 
{CLAns, No, 71). The youngest paraaitio females remain essentially at the 
level of development of the first Cyclops stage. Of the fonr distinct thoracic 
segmenta seen at thta sUgc, only the two anterior ones uarry hiloliate rudiments 
of limbs withoot setae, while the posterior region of tlie body (abdomen) is 
small and divided into two parts. No farther Cyetopa forms follow these first 
stages, but while the small male remains during life at this grade of develop- 
ment, the female undergoes a secondary transformation, the region of the third 
and fonrtb thamcti^ segments increases in size and foi-ms tlie main portion of 
the body. The large thomeic 
region now becomes transformed 
in an eitraordiitaiy manner, dorsal 
and ventral su'cllings and lateral 
projections appearing as seeondaiy 
oatgronths on each of the thorneic 
segments (except tha first). 

Somewhat similar phenomena 
ai-e foimd in the family of the 
PhUulhgidat. Here the larval form 
which hatches from the egg in the 
genua Lemaervictu is a A'dupliiia 
with a large provision of food-jollc, 
whose second antennae are without 
mssticatory hoolts, the adhering 
apparatus (frontal band) being 
absent, as in the Melanaiiplius of 
Chlmdracanihuii. Tlie [laroaitic 
form arises from a Ci/cloja stage 
in which the thorax and abdomen 
are distinctly segmented, tint only 
the two anterior thoracic segments 
show a wall-developed nidimeut of 
a swimming limb, while the thiiii 
thoracic segment has only the 

vestigial remains of a limb. Tlie umim-, i, »un™ini iimM ; tpr.Bji. 
male retains tlie shape of one of 

these developmental stages, while the female is psraaitically transformed, tlie 
thoracic region lengthening, while a peculiar development of asymmetrical rows 
of cliitinous scales makes its appearance (Clavs, No. 09). 

In the family just described, tile ascending scries of larval forms does not 
appreciably rise above (he level of the first Cyclops ttagt, but in the Diehcltatiidat, 
where the body of the adult undergoes less modification, the later Cytlopa 
stagei are also passed through. The young which hatch from the egg are true 
yauplii. TiiB frontal band appears to lie wanting (!) in the larvoe of this 
gronp. 

An adhering apparatus of this kind is found in the larvae of llio Caligidiu, 
which, in their earlier stages, strikingly resemble the Cyclops stage (impac) 
of Lernaea (CLAua, No. 70, see below). The later larvae, which more nearly 
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reaemlile tbe adult in form, )iut are still distingnuhcd by the possession of 
the frontal band, wore doBcribeii by Bckmbibteii m distinct fonna imdar the 
nune of Chalimiu. Later, however, F. MOller proved that these forms belong 
to the ontogeny of Caligxis, as hod already been coDJecCurod by Ebovkr. 

The Lrmaeidae are rery interestin); with respect not only to tlie parftsitism of 
the lirval forma, but to the defonnatJon that occurs in the body of tbe feniaJa 
after cojmlatiou. The metatnorphosi* of Lrrnaea branthialit bw been made 
knovn by Mrtzoer and OlAl'a (No. 70). It is prolwble that the larva which 
batvhea from tlie egg is a ^aupUtts resembling that of Aeldliera, in nbich the 
Mgmentatinn of the body of the Rrst Cyclopa stage appears to 1w commencing 
beneath the cuticle. In these stages there is a Iree-snimniing period, daring 
which a search is made for the first host [PlaUaaa JUms). The youngest fonna 
found attached to the gilla atill show in all resiKCta the segmentation of the Grat 
Cyelopa ataffi (Fig. 113 j<]. Tliey correspond to the first stage uf development of 
AcMhtra. The oephala -thoracic region is followed by three free thoracic segments 
and a posterior unsegmented region carrying the furcol processes. Two pairs of 
trail ■developed swiinniiug limbs (/'^/") can be recognised, one attached to tbe 
cephalo- thorax and the other to the first free thoracic segment, as well as s third 
pair of trancated limba (on the second free segment). The mouth-parts are 
already of the true Siphonostomatous type. Tlie up^ier and lower lips (labrum 
and parognatha !) have (used to form a sucking tnbe which conUins tlie stylet- 
shaped mandibles, white the pointed palp-like maxillae are attached to its aides. 
The first antennae {a') are beset with setae, the aecoud antennae {a"), as well as 
the anterior niaidllipedes, are clianged into hooks for attachmeuL Hie posterior 
maxlllipedes have completely degenerated, a point in which this larva differs 
from that of Adttheres. 

Tlie later Cyclopg stages which succeed each other (Fig. 113 B) show decided 
adaptation to parasitic life. A hardene<l moss of Hecrotion (jt), projecting from 
the head and comparable to the frontal band of the larva of Ciiligia, brings 
about the attachment of the larva to the gills of the host ; this permanent 
attachment precedes the degeneration of the locomotory organs. Almost 
all the limbs, and especially the sivimming limbs (fl, /'^), arc now unjointed 
and truncated ; they have no setae and are immovable. These stages in which 
independent movement is lost have also received the name of pupal stages. In 
tiiia pu|>al condition the segments of the body and the jiains of iimbs which 
were still wanting are developed. A sts^ can be diHUnguished with tliree pain 
of swimming limbs and four free thoracic segments ; at tliis period, in the maU, 
the posterior inaxillipede, until now suppressed, becomes distinct ; then a further 
stage is developed with four pairs of swimming limbs ; this lost stage leads 
through another moult to the free-swimming stage in which copulation take* 
place (Fig. 114 A and B), A]iart from the slight Begmenlatiun of the abdomen, 
the body shows the fnll development attained by free-living Copepoda. The 
first antennae (u') are now jointed and I)e9et with selae and sensory filaments, 
the four pairs of swimming limbs (/', /'H, with their clothing of setae, are 
adapted for active swimming, while in the structure of the second antennae (a*) 
and of the mouth-parts, the Siphonostomatfius type is marked. The female 
(Fig. 114 S) is diatinguiahod by a great lengthening of the genital segments, 
which gives the whole abdomen the appearance of a long, vermiform apjicndage. 
The female genital organs are not yet sufficiently develoiied for the production 
of eggs capable of fertilisation ; the receptacnluui seminis, on the other hand, 
with the two porta (g) for tlie reception of the seminal masses from the 




PAtUBITA. 



241 



«penn«topliote», bw attained fnll development. This frco-swimming copniatory 
Cj/tiepi stage ia tba laat atage of the male, the fertilised feliiiiilo, however, 
aeeka a new boat (one of the Oadidtu), in which she undergoctt marked trana- 
fomuttioD of the body 
(Fig. 114 C aud D). 
The genital aqpncut, 
irhich haa eulai^od 
for the developmeDt 
of the CKga, la now a 
large doublj- curved 
portion of the body, 
the amall abdomen, 
with ita tnmcated 
fiircal appendages, 
forming ita termina- 
tion. The cephalo- 
thorax ia changed l>y 
the addition of tiiree 
horuB whiuh function 
aa barbed hooka, 
carrying at their 
points fork -like out- 
growths. During 

dotil,thcUmbiiareaIl 
retained, bat are to a 
certain extent trans- 
formed by itrong 
chitiniaation. 

The remarkable 
form Sphatrontlla 
Leuekartii, which is 
parasitic in the brood- 
cavity of Amphilkoi, 
ia connected with 

Salrksk-v (No. 80) 
found in Sphaeromlla 
an extremely degene- 
rate pupal atoge fol- 
lowing the Sn t free- 
iwinuiiiiig Cytiopt ' 
stage Xeither seg- 
mentation nor limbs 
wen recognisable in 
the sic-like body lea Icitii- 
whiob waa attached 

by a larval adhering apparatus to the epimeral plates of the host This stage 
led, through gradual transilionary stages, to the adult form. 
The metemorpbows of the Lemat(^idae U best known through the works 
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of KoLLAii (No. 77), V. NoRiiMASs (No. 79), Ci-ai's (No. fiB), Vejoowskv 
(Kd. 81), and otiiers. Its coiirao in the various Tarma Reema to ihaxt great 
agreement, so that Adtl-lures, desuribcd by CukUB, insj be selected as ■ type. 
The young tLinifll wliich baitche.<t from the egg (Fig. 115 .^) cliai^tly resembles s 
Kaupliiu. sKiniming ftbont with didiculty by nirana of its two Anterior pairs of 
limbs (Urst sud second anteanoe]. Closer examinatiou, houerer. reveals the fact 
tbat the body which is liidden within the Naupliua cuticle already shows that 
degree of organisation chsracteristie of the first Cyelopa stage. Kot only the 
mouth -porta, but two pairs of thoraoio swimming feet {p', y'), lie hidden within 
the NaupliuB integument. The mandibles (miJ) and first maxillse (>nx) lie as 
Bmall stumps at the sidfs of the upjier lip, which enlrrs into Iht tarmatioii of 
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the adult rostrum. The position of the two maTillipedc* (pni', ym*) ii of 
interest, iu so far an it proves distinctly that they devrlop as the exopodit« Mid 
endopodite of one and the sanie limb (second maiilla). Besides the above 
organs, we recognise the future adhering organ in the form of s spirally .colled 
filameut vnding in a spherical swelling which grows out from a higlily-rcfraetivr 
frontal process (i). Claus eonsiders that this apparentl3- homogsneons filament 
is a tube filled with a fluid accretion, and is the duct of a glandular maas which 
secretes a cementing medium. This first stage which seems to cover thi whole 
aeries of Naapliui stages, undergoes ccdyaia after a few hours, the larva which 
follows [iDSscasiiig the organisation of the Qrst Cijclops stage (Fig. IIS B). It 



PARASITA. 243 

has a long cephalo-thorax, followed by three free tlioracic segments and an 
unsegmented abdomen. In tlie tlioracic region, two pairs of well -developed 
8¥rimming limbs {jpi^, p^) and a third rudimentary pair (jr*) can be recognised. 
The first antennae (a/*) are cylindrical three-jointed limbs beset with setae. 
The second antennae are still biramose {at^), but are already changed into the 
adhering organs of the larva, the longer branch ending in a hook bent like a 
claw, while the shorter branch is beset with papillae. The upi>cr lip has 
united with a channelled lower lip (derived from the paragnatha ?) to form a 
conical sucking proboscis, from the outer sides of which project the short, conical 
mandibles, representing the transition from the masticatory jaws of the Cyclo- 
piiiae to the piercing stylets of the Parasita ; here also the palp-like first 
maxillae are found. These are followed by the two pairs of maxillipedes 
transformed into adhering hooks (7^7n^ 7?»t^)» the outer one already assuming 
a more forward position, and the inner one lying more posteriorly. Among 
the internal organs, the intestine, the Nauplius eye shifted far back, and two 
bean-shaped bodies (&, glands ?) at the sides of the latter can be recognised. 

It is probable that the larva, after a short life of free activity in the water, 
becomes attached as early as this stage to the mucous membrane of the jaw 
of the perch (v. Nordmann). The peculiar adhering organ, however, appears 
to become free, and to be used for its special puri)ose only after a further moult. 
In this and two other attached stages, which probably follow through further 
moults, the mandibles shift to a position within the sucking proboscis, while 
a reduction in the setae on the swimming feet probably takes place. These 
stages, however, did not come under observation, but in a somewhat later stage 
which was observed (Fig. 115 C), there was already considerable aj)proxi- 
mation in the structure of the body to the adult Achtheres. The body has 
now become almost vennifomi, the first thoracic segment having seimrated from 
the head and having united with the four following segments to form a sac-like 
region, at the end of which the small, pointed, furcal appendage can be recognised. 
The antennae and the mouth-parts ali*eady essentially resemble the corref<ponding 
parts of the adult The frontal adhering organ, with the exception of a vestige 
of its basal section (z), has vanished ; on the other hand, a new provisional 
adhering organ in the shape of a stiff filament (/) has arisen on the outer 
(anterior) maxillipede {pm}) ; this filament starts from the tips of the fused outer 
maxillipedes. It is an interesting fact that at this stage sexual differentiation 
begins to be noticeable. Smaller individuals (young males) have remarkably 
strong outer maxillipedes {pm}), which are only united at the ]K)int of insertion 
of the adhering filament, and carry a strong terminal hook. When this filament 
is thrown off in the next moult, these structures give rise to the anterior maxilli- 
pedes of the male, which remain distinct and function as hooks for attachment 
(Fig. 115 E). The posterior maxillipedes {pm^) are also very large and each 
carries a small anchoring hook. In the female, on the contrary, the anterior 
maxillipedes {pm}) are rather long and retain the fused condition, ending in 
a sucking disc (Fig. 115 D) ; the posterior maxilli[)edes can in the same way 
be distinguished from those of the male by a large, hook-like, terminal joint 
With regard to the inner anatomical [(eculiarities of this larval form, we must 
first mention the degeneration of the Nauplius eye, which, indeed, is not 
uniTersal among the parasitic Crustacea. The Nauplius eye is retained in the 
dwarf males of dunidracanthus and of Lemaeopoda, as well as in many 
females («.9., Chondracanlhus coimutus). In the iK)sterior cephalic region of 
the larvao under consideration, at the sides of the intestine, there are two pairs 
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or gl&Dds dorived trora tho bean-tiliiiped liodlea aliove mentioned ; tltese gluids, 
whose elTDreitt ducU open out at the bo^s of the maxillipedcs, jicld » stiff 
secretion. Between these gisadular bodies a dorsal! y-ploced, piils&ting m^m 
can be noticed ; thia is probably a sliort, aac-like heart. A siDlilur or^n ha> 
been obsBrred in Tmcheli/uia by Vejdowskt, and in the larva of Ltnuua 
by Hesse. The nidimcnta of the genital organi arc already clurlj rccngiiiaalile. 
At the next moult tlie animal becomes sexnally mature. The male does not 
increase in size, but, in the female, the posterior region of tiie body IwcomM 
very much enlarged. 

0. BnncMnra. 

The Branchiura are usually considereJ to be nearly related to 
the Copepoda. Tiiia supposed relationsiiip is Lased principally on 
the similarity existing between the awimming limbs of Arffulug and 
those of the free-living Copepoda, and on the structure of the 
mouth-parts, which, according to the investigations of ClaUs, are 
very like those of the jiarasitic Copepoda (Siphonostomata). Hook- 
shaped mandibles and stylet-like ntnxillae can be distinguished. 
Tlieae appear to be enclosed in a proboscis formed by the fused 
upper ami lower lips, together with lateral parts which must be 
regarded as derived from the mandibles. Tlie.^e are fallowed by two 
pairs of mn.tiUipedes which serve as adhering organs. The view 
that these latter are the two rami of the second maxilla which 
have become independent receives special support from the position 
of the ducts of the shell-gland, discovered by Clads on the basal 
iwrtion of the second nia\illipede. Such a derivation of the maxilli- 
pedes would constitute a fresh link between these forms and the 
Copepoda. Argulus, indeed, shows in the structure of the genital 
organs, as well as in other points of its organisation, some remark- 
able peculiarities, and by the possession of paired, uoi'able, lateral 
eyes and of branched, hepatic tubes approaches the Phyllopoda, so 
that wc must probably consider the Branchiura as an offshoot from 
the common ancestor of the Copepoda. 

The eggs, which are rich in food-yolk, and in which the germ-band 
attains a ventral curvature, are attached by the female in rows to 
stones, etc. The young, when hatched (Claus), already greatly 
resemble the adult in shape (Fig. 116), having the same body- 
segmentation as well 08 the same number of limbs (apart from tfaa 
maxillae). 

The shield-like anterior portion of tho body (cephalo-thorax) 
consists of the cephalic segments fused with the most anterior limb- 
hearing segment which carries a pair of swimming limbs. Threa 
free thoracic segments follow, each having a pair of swimming 
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limbs, and these again are followed by an unsegmented abdomen 
with tarminiil furcal appendages (in the young form). In the adult, 
these latter have shifted doraally. The young are further distinguished 
from the adult by the small extent of the ccphalo-thoracic shield 
(Fig. 116), which does not yet cover the thoracic segments dorsally. 
The further metamorphosis principally concerns the tmnsforniation 




of the different limbs. In the newly-hatched larva, the first antenna 
(a') is short, three-jointed, with a large hook-like appendage on its 
basal segment The second antenna (a") is distinctly larger and 
biramose, an endopodite ending in a hook, and an cxopodite provided 
with setae being distinguishable in it. In the mandible {md) are 
found a basal segment (masticatory blade), which becomes included 



in tile proljoscie, a middle portion forming the lateral wall of the 
proboBcia, and a long, pulp-like appendage provided with setae 
and projecting freely. This latter, the outer branch of the second 
BUteoiia and the anterior pair of swimming ajipendnge?, are the 
most important loconiotory organs of the larva. No trace could be 
found in the larva of the atylet-Iike maxillae which are contained 
within the adult prohoscis. The two pairs ot masillipedea terminating 
in hooka {mf, riif) serve for adhering organs. Of the four pairs of 
swimming liralis {p^-l^), only the anterior pair is free and movable, 
and somewhat resemblea in shape a biramose Copepodan limb. The 
biraniosG rudiments of the three posterior swimming limbs are still 
unjoiuted and 'immovable. 

During the course of metamorphosis, after several moulls, the 
basal hook-like processes of the two pairs of antennae grow stronger ; 
the exopodite of the second antenna and the palp of the mandible 
disappear, while the endopodite of the second antennn, losing its 
terminal hook, is transformed into a simple palp. The large sucking 
disc develops on tlie first mnxillipede. The swimming limbs become 
hiiamose and arc provided with setae, thus resembling the limbs of 
the Copepoda. In the two anterior pairs of these limbs the rudi- 
ments of the inner branches, known as the flagella. appear, while 
sexual differontiatioii is evident in the two ]>osterior jMiirs, a char- 
acteristic transforrantion of tlie i)rotiipodite taking place in the male. 

7. Genenil Oonaideration regarding the Segmentation of the 
Bod7 and the Metamorphoaes of the Malacostraca. 

In the Jlidacostraca the body consists of three jirimajy regions, 
each of which, in all the divisions of this sul>clu6s, contains a definite 
number of segments. In the anterior cepluilic reijion, to wliich 
belong five pairs of limbs (the two pairs of antennae and the three 
pairs of jaws), there is, witli few exceptions, no trace of a separation 
into distinct segments. In the thoracic reijion, which follows 
posteriorly and consists of eight limb-bearing segments, while the 
boundaries of the different segments are still more or less marked, 
only a slight power of movement between the individual segments 
is retained. lint in the abdominal region, which consists of six 
limb-bearing segmenta and a terminal portion (telson), the full 
mobility of the separate segments is, as a rule, preserved, a fact 
connected with the development of the posterior end of the body 
into a swimming tail of great importance for the locomotion and the 
steering of the body. 
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The terga of the cephalic segments are thickened to form the 
carapace (dorsal shield); this, at its lateral and posterior margins, 
passes into an intcgumental fold which runs back over the thoracic 
region, and thus covers some or all of the thoracic segments dorsally. 
Only rarely do the terga of the thoracic segments covered by the 
dorsal shield retain any degree of independence (Stomatopoda, Fig. 
141, p. 298, a few Schizopoda and Nehalia) ; in most cases the terga 
of the thoracic segments fuse closely with the integumental fold of 
the dorsal shield lying above them. A fusion of the cephalic and 
thoracic segments thus takes place, forming a common region of 
the body {cephalo-thorax). In one series of Malacostracan forms, 
however, the marginal fold of the dorsal shield • has undergone 
degeneration (Arthrostraca) ; here, as a rule, only the anterior 
thoracic segment fuses with the cephalic region forming the small 
cephalo-thorax of this group, which is followed by seven free and 
movable thoracic segments. 

The obliteration of the boundaries and consequent loss of move- 
ment between the segments of the cephalic and thoracic regions just 
mentioned has its effect on the condition of the limbs. Only in 
rare cases {Nebaiia, Euphausiidae) do all the eight pairs of thoracic 
limbs agree more or less in structure. As a rule, one or more pairs 
l)elonging to the anterior part of the thorax enter into close relation 
with the mouth and become modified for the purpose of mastication. 
These are then distinguished as inaxiUipedes, while the succeeding 
thoracic limbs which serve for locomotion receive, in many groups, 
the name of ambulatory limbs. In the Arthrostraca, only the 
anterior pair of thoracic limbs is changed into a pair of maxillipedes, 
but in the Decapoda there are three pairs of maxillipedes, and in 
the Stomatopo<la as many as five anterior i)airs of thoracic limbs 
are thus transformed. 

We must assume as the fundamental form of ^lalacostracan limb 
a biramose swimming limb with basal epipodial appendage, such as 
is retained as a thoracic limb in the Schizopoda. The shape of 
the thoracic limb in Nelxdia (Fig. 91 ^, p. 194) suggests to us that 
this form may perhaps have been developed from a more lamellate 
type of limb resembling that of the Phyllopoda. A two-jointed 
protopodite passes into a five-jointed endopodite, while the exopodite 
(flagellate branch), which often undergoes degeneration, frequently 
exhibits a large number of closely -crowded joints beset with setae. 

If we compare the metamorphosis of most Entomostraca (especially 
that of the Phyllopoda) with that of the Malacostraca (p. 193), 
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we find, in the first group, a more graJual tranaition through 
many moults from the Naupliua to the adult fonu, while in the 
Malacostraca the metamorphosis has attained a higher degree of 
Bpecialisation, inasmuch as the separate atages appear more distinct 
from ODe another, and larval sttigea are intor<;atated which are not 
on the direct path of transition from the young to the adult form. 
These latter, hj the development of secondary peculiarities, attun 
a certain independence and lead on to the adult condition only 
through further important changes in form. The metamorphosis of 
the lower Crustacea thus bears the same relationship to that of the 
Malacostraca as does incomplete to complete metaniorpliusiB among 
the Insecta. Aa exampiea of these newly -introduced stages in the 
ontogenetic process, we must mention especially the Zoaea of the 
Decapoda and the Zoaeo-like stage of the Schizopoda (Cah/pttijiin) and 
the Stomatopoda, which are distinguished by the fact that although 
they pOBseFS the full number of body-segments, tliose of the middle 
region of the body are in a rudimentary condition. In this larva 
the posterior (five to seven) thoracic segments seem to he unusually 
backward in developing, and to have either no limbs or only very 
rudimentary ones, while the segments of the abdomen are already 
lughly developed. The Zoaea is evidently a larval form secondarily 
changed by marked adaptation to a pelagic manner of life, yrom 
this standpoint it seems appropriate enough that the body retains 
a compressed form, that the most imjwrtaut locomotory organs (the 
maxillipedes and in some coses the antennae) are developed in the 
anterior region of the body, and that a posterior movable region 
(abdomen) develops early for swimming and steeruig purposes. The 
rudimentary condition of the middle region of the body thus ap~ 
peara to some extent explicable. 

In regarding the Zoata as a, larval form aecondarily intercalated in tliD cour«e 
□r developmfiit, whicli has attained a ccrtun inde|>cud(uit value aud significance, 
Bpedal iaterest attaches to the development of tbe lieirt. Bearing in mind tbe 
condition of tlie lieart in Xtbalia and the Schizopoda, n'e sliould expect to God, 
in tbe larvDl fomia of the Decapoda, « long tnbiiliir licart Wo aliould ftlao 
presuppose that tbe tbree pairs of ostia occurring in the Oecapodua lieart would 
already bo fonitd in tbe heart of tbe S!aaea. Tbta, bowever, is not the case. 
The heart of tlie Zoaea is a short aao, recalling to winie extent that of the 
CopeiKKla. It bas only two pairs of lateral ostia (in individual caws, SDch as 
Fenaeut, Eupkausia, onl; one). Tbe uiiaaiug pairs of ostla only appear later. 
This proves clearly that Ilia heart lias undergone secondary modification corre- 
sjionding to the requirements of tbe Z-xiea. The pliylogenctic atages in the 
development of the beart have been modified to suit the altered conditians ol 
organisation of the Zoom stage. 




GENERAL CONSIDERATION. 249 

In the complete series of developmental stages of the Decapoda, 
which however is only retained in full in a very few cases, the 
following stages can usually be distinguished passing one into the 
other by a series of moults. 

1. The Nauplius stage (Fig. 122 A, p. 267). This stage shows 
great agreement with the Naupliua of the Entomostraca in form 
and in the possession of the three typical pairs of limbs, the anterior 
limb (first antenna) being uniramose, but the two posterior limbs 
(second antenna and mandible) biramose. A free Nauplius stage is 
found in Penaeus and in EuphaiLsia^ among the Schizopoda. 

2. The Metanauplius stage (Fig 117, p. 254, and Fig. 118, p. 258), 
in the form of the body, closely resembles the last stage, but shows, 
behind the Nauplius limbs which have shifted somewhat forward, the 
rudiments of four more pairs (in Euphausia only three). An 
integumental fold, which arises laterally and posteriorly, is the 
first rudiment of the dorsal shield. Tlie posterior end of the body 
is marked by two short prominences bearing setae (furcal processes). 
The Metanauplius stage is the starting-point in the metamorphosis of 
Lucifer, 

3. The Protozoaea stage (Fig. 119 A, D, p. 260, and Fig. 121 A, 
p. 264). The pairs of limbs which appeared as rudiments in the 
Metanauplius (first and second maxillae and second maxillipedc) have 
now developed fully. The anterior region of the body is covered by 
the dorsal shield ; posteriorly, the body passes into a narrower region 
combining the rudiments of the thorax and the abdomen, and already 
showing segmentation anteriorly, while the posterior (abdominal) 
region is not yet fully segmented. The antennae still possess the 
Xauplius character and function as oars, as also do the biramose 
maxillipedes. The mandibles have greatly altered ; the basal joint 
is retained as a masticatory blade, while the distal part (palp) has 
disappeared. The Protozoaea stage occurs in the metamorphoses of 
the Penaeidae and Sergestidae. It is distinguished by the presence 
of distinct furcal processes. In individual cases (Sergestes) the third 
pair of maxillipedes may also be developed at this stage. 

4. The Zoaea stage (Fig. 119 A', p. 260; Fig. 123 (7, p. 269; Fig. 
124, p. 272, and Fig. 136, p. 291). This stage agrees in all important 
characters with the preceding stage, from which it is distinguished 
by the distinct segmentation of the posterior or abdominal region. 
The sixth abdominal segment, it is true, often remains united with 
the telson for some time. The limbs of the Zoaea stage are the same 
as those of the preceding stage. In the more primitive Decapoda, 
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the anteiinne also servo ua oars, ivhilc, in the Znaea of the Brachyura, 
these limhs are kept in the baukgrouod, and locomotion is carried on 
exclusively by the two pairs of bi ramose tnaxilli pedes in con- 
junction with the movable abilomen. In many cases, the third 
pair of maxillipedea has already begun to function. The limbs 
which follow these may be present as sac-like, uujointed rudiments 
in doae contact with the body, but they never function in the Zoaea. 
The ]ileopodn are still altogether wanting, except the sixth pair 
(uropoda), which may, in individual cases, develop as early as this 
stage. The spine-like proMss, which rises from the ccphalo-thoras 
and oceiits typically in the iJrachyuran Zoae.a, was formerly considered 
as a characteristic of this stage, and too great stress was laid upon 
this point. A really impotUnt characteristic of this stage, however, 
is the fact that the si:^ giosterior thoracic segments (commencing with 
that carrying the third pair of maxillipedcs) arc generally rudimentary 
and often difficult to recognise, while the abdominal aegraents are 
very apparent on account of their large size and distinct boundaries. 
The Zoaea stage indicates, in many Decapodn, the beginning of 
metamorphosis, many leaving the egg in this condition. The 
Protozoiiea and Zoaea, in contrast to the Metanau/iliun, are dis- 
tinguished by the gradual deveiopmont of tiie paired stalked eye 
which, 03 in Branchijou, first arises as a lateral outgrowth of Uie 
cephalic region [rf. the Zoaea of Lucifer, Fig. 119 E, p. 260}, 
the eye-atalk developing very gradually. 

5. The Mijaii stage (Fig. 120 A, p. 262, and Fig. 123 D, p. 269) 
and Metazoaea ttage (Fig. 133 B, p. 287). By the development of 
the posterior thoracic limbs, the Zoaea passes into the Mysit- or 
Sehizujioiia-like etinje. These limbs, which now begin to function, 
resemble the maKillipedes in being biramose swimming apiiendagea 
provided with setae ; they assist tlie maxillipedea in propelling the 
body, and recall the limbs of the Scliizopoda. At this stage the 
pleopoda develop. 

In the Brachyura and Anoniura, the process of development seems 
to be simplified so far as the rudiments of the ambulatory limbs 
arc concerned; these limbs, which are present in the late Zoaea 
stage, never resemble the ijchizDpodan limbs, but from the first 
are uniramose and pass direct into the adult form. An exopodite 
never develops on the rudiments of these limbs. Consequently, 
the Zoaea stage in these aninmls is followed by a stage in which 
the general form of the body resembles that of the Zoaea, but, in 
addition, the rudiments of the five pairs of ambulatory limbs are 
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more or less developed, though still closely pressed against the hody. 
This stage, which replaces the Mysis stage in the Anomura and 
Brachynra, lias heen called by Claus (Xo. 7) the Metazoaea, 

6. Lcist stages of metamorphosis. These stages are now only 
distinguished from the adult form to which they lead by unim- 
portant characteristics. In the Sergestidae, the loss of the exopodite 
on the thoracic limbs and the enlargement of the abdomen leads 
from the Mysis stage to the Mastigoptis stage (Fig. 120 C, p. 262). 
In the Penaetclae and Caridea the corresponding stage is called 
the first shrimp stage. The last stages of metamorphosis in the 
Anomura and Brachyura arc known as the Megalopa (Fig. 133 ^ 
and Bj p. 287), the transition from this stage to the adult form 
involving considerably greater changes in the Brachyura than in 
the Anomura, because the latter remain throughout life at a stage 
of development nearer that of the Megaloixi. 

If we review the series of larval stages here described, we see 
that the order of development of the segments and limbs from before 
backward is as a rule retained. Only in details are there certain 
characteristic deviations from this order. For instance, the develop- 
ment of the thoracic segments in the Zoaea stage is usually retarded 
as compared with the development of the abdominal segments, and, 
among the limbs, an exception occurs in the early appearance of the 
sixth pair of pleopoda. These exceptions to the rule can be shown 
to result from the adaptation of the larva to a pelagic existence. 

The whole series of ontogenetic stages described above is only 
|)as3ed through in very few cases in the Decapoda. Fenaeus and 
L/ueifer may serve as examples of such complete metamorphosis. As 
a rule, metamorphosis is more or less abbreviated, the early stages 
being obscured or hurried through within the ii^^. The Sei-gestidae, 
for instance, hatch at the Frotozoaea stage, most of the Caridea 
at the Zoaea stage, the marine Astacidea at the Mysis stage. The 
most extreme case of abbreviated metamorphosis is found in many 
forms living in fresh water and on land (Astacus, Telphtisa, and 
Gecardnus), 

The abbreviation of metamorphosis is also attained in another 
way, viz., by the tendency towards the obliteration of the charac- 
teristics of the special ontogenetic stages. Thus we shall see that, 
in the Caridea, the Zoaea stage appears altered by anticipating 
certain of the peculiarities of the Mysis stage. The complete dis- 
appearance of the Mysis stage in the metamorphosis of the Brachyura 
and Anomura can be explained in a similar way. 
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The series of ontofjciietic etugea described above refers to the 
Dccupoda, but the Sthizopoda (Eupliawnidae) and the Stotnatopoda 
are ia this respect closely related to tliis order. The Calyi'U^ng 
stage cif the Eiiphautiidaa mi^'ht be assumed to be a Protoaxwa 
or a Zoaeuk stage if it did not differ from the latter in the absence 
of the Eecoud pair of maxillipedes. In the metamorphoBis of the 
Stomatopoda, ou the other hand, we see that a suppresBioD of 
the thoracic segmenls and the limbs belonging to them, aimiJar to 
that in the Decapodan Zoaeti, leads to larval forms which have been 
colled the Pitwio-ziiwae of the Stomatopoda. 

A second series of form a among the Malacoatraca, however, 
including the Cumuceu and tbe Artbrostraco, ahows, in iwniiection 
with tbe care of the brood which there prevails, an entire dis- 
appearance of metamorphosis. In these groups we have conditions 
related to those found in the Mygulue and Leptosti-oca. We do, 
indeed, find in the Itelated appearance of the last pairs of thoracic 
limbs in the Isopoda a last remains of that ontogenetic tendency 
which, in the Decai)oda, led to the development of the Zaaea stage. 

8. Leptoatraca. 

The Lcptostraca {Nehalin), like the Mijxulae, have no freo- 
awimraing larval stage. When the young animals leave Uio shell- 
cavity of the mother, which is used as a brood-chamber, they have 
in all essential points (MsrscnNiKoFF, No. S2) attained the final 
shape. Metamorphosis is therefore here, us in the Mijsidae, confined 
to those stages which were passed through in tiie brood-cavity, after 
the shedding of the egg- integument. With regard to the appearance 
of the diflerent limbs, the order from before backward ia retained. 
In this respect, and in the absence of a distinctly marked Zoaea 
stage, the Leptoatraca nearly approach the Phyllopoda. The three 
pairs of Kauplius limbs ap[iear first. There then follows a stage 
in which these three pairs of limbs have advanced in development, 
while behind them can be recognised four other ])airs (two pairs 
of maxillae and the two anterior pairs of thoracic limbs). This 
stage thus shows, in the number of limb-rudimente, a certain agree- 
ment with the Zaaea form. At a later stt^e, the rudiment of a 
third pair of thoracic limbs con be made out. The embryo lies in 
the egg, curved in such a way that the ventral surface of the caudal 
region is in contact with the ventral surface of the anterior part 
of the body. The egg-integument then splits, and the larva, which 
is thus freed, but is still enveloped in the larval cuticle, and whiob 




SCHIZOPODA. 253 

shows the rudiments of all the thoracic limbs, not merely straiglitens 
out, but becomes even somewhat dorsally curved. We thus have, 
in Nehalia^ a repetition of the changes with regard to the relative 
position of the body regions which we saw (p. 154) commencing 
in Mygis^ but with the difference that, in the latter, the rupture 
of the egg-integument and the straightening of the body take place 
as early as the Naupltus stage, whereas here they occur at a later 
stage. The pleopoda now gradually appear in regular order from 
before backward, the body approaches the adult form, and the young 
leave the brood-cavity (Metschnikoff, No. 82). 

9. Schizopoda. 

A very primitive form of metamorphosis through many moults is 
retained among the Schizopoda by the Eujyhaimidae. The Mysidae, 
on the other hand, emerge from the Nauplius cuticle in a condition 
closely resembling the adult in form, and at this stage they leave 
the brood-pouch of the mother and swim about freely (p. 153). 

The different larval stages of the Kuplumsiidae, none of which can 
be exactly identified with the Protozttaea and Zoaea of the Decapoda, 
were described by Dana as separate genera under the names of 
CalypiopiSj Furciliaj and Cyrtojna, Glaus (No. 97) being the first 
to prove that these forms belonged to the ontogeny of the Euphau- 
sitdae. The youngest stages were made known by Metschnikoff 
(Nos. 93 and 94), who established the important fact that the larva 
of Euphautfia leaves the egg as a true Nauplius, The most important 
points in the later ontogenetic stages were made known to us chiefly 
by Glaus (Nos. 91 and 8) for Euphausia, and more recently the 
process of development in various forms has been traced in greater 
detail by G. O. Sar8 (No. 95), Brook and IIoylb (No. 90). 

The Nauplius of Eupkausia, on leaving the egg, has an oval 
unsegmented body still without a shell-fold, and carrying on its 
anterior half the three pairs of typical Nauplius limbs. The anterior 
pair of these is uniramose, the two others biramose ; their distal ends 
are beset with setae. A segmentation of the limbs is not yet 
distinctly evident. Only a very small oral aperture can be seen. 

Later stages (Fig. 117 ^4) are distinguished by the development of 
three more limb-rudiments (two pairs of maxillae (4 and 5) and the 
first maxillipedes), and must therefore be regarded as Metanauplius 
stages. The three anterior pairs of limbs (i, 2, 3) have still the 
Nauplius character. We can recognise the rudiments of the Nauplius 
eye, the upper lip (o), the paired paragnatha (u\ and a shield-like 
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fold covering the latera] parts of the posterior limb-rudiniente. The 
jioaterioi' end of the body, below the anal aperture wbicli is now 
becoming more distincK, is lengthened into two rounded furcal 
processes fringed with setae, l^ter Metanaujiliua stages show a 
tbauge in the third limb, which has entirely lost the form of 
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a swimming appendage and baa developed into a masticator; blade 
(mandible) with a greatly reduced palp. The shield-like fold has 
now develo|ied in the anterior region of the body, and thus 
surrounds the cephalic portion of the larva {rf. the later alages, 
Fig. 117 B and C). In the posterior iirabs, the first indication of 
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the formation of lobes is evident, while, near the Naupliiis eye, a 
paired frontal organ (/k) has developed, similar to that already 
described in the Phyllopod larva. 

The Metanaupliu9 gives rise through further moults to the series 

of Cali/ptopis stciges (Fi^, 117 J? and C), which are characterised by 

the development of the six most anterior pairs of limbs, and of the 

long posterior (thoraco-abdominal) region of the body. The two pairs 

of antennae still rettiin essentially the Nauplius character, although 

they are now jointed. The first antenna now exhibits a three-jointed 

shaftj at the end of which two short processes (the rudiments of the 

future flagella) are inserted. In the second antenna, at the end of 

the exopodite which is covered with setae, a distinct segmentation 

into closely-crowded rings is evident The two maxillae (^, 5) and 

the first maxillipede (/) appear as richly-lobed appendages, showing 

in their form considerable agreement with the Phyliopodan limbs. 

The first maxilla (4), besides its two masticatory blades and its 

endopodite, shows a short truncated portion bearing setae (exopodite), 

the rudiment of the future fan-like plate. In the second maxilla (5) 

the exopodite is in quite a rudimentary condition, while, on the inner 

side of the protopodite, four masticatory processes have developed. 

The first maxillipede (7) has the character of a biramose swimming 

limb (especially in Nyctiphanes). At the beginning of the thoraco- 

abdomen, which lies behind these appendages, the closely-crowded 

rudiments of the other thoracic segments can already be distinctly 

seen (Fig. 117-6, th), while the abdomen {ah) still appears un- 

segmented. The posterior end of the abdomen has already been 

transformed into the middle plate of the caudal fin, and is beset 

with strong spines along its posterior edge. In front of the anal 

aperture the first rudiments of the lateral parts of the caudal fin 

(sixth pair of pleopoda, a^) can be recognised. The cephalo-thoracic 

shield, which covers the anterior part of the body, has undergone 

great development. In EupTiau^ia it is distinguished by the presence 

of an unpaired dorsal spine directed backwards, by the delicate 

dentation of its edges, and by a notch in its ventral margin which 

recalls the excavation in the edges of the shell in Ci/fjridi?ia and 

Haloeypris, In other genera {Nyctiphanes) the shell has no dorsal 

spine and the margins are not toothed; there are also only very 

indistinct lateral notches in the margin of the shell. The internal 

organs, which should be noticed at this stage, are the gradually 

developing paired rudiments of the eye, the hepatic outgrowths of 

the alimentary canal, and the short sac-like heart which is continuous 
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witli n well -developed arterial system, and is provided witli one pair 
of venous ostia. 

Later Calyptopis etagna (Fig. 117 C) are distinguished from thoep 
just described by the more distinct development of the rudiments of 
the eyes which are still hidden under the dorsal carapaee, and I>y the 
full segmentation of the body. Not only is the tliorax {Hi) divided 
into seven (short) segments, but the abdomen also (0,-0,5) "ppesM 
fully segmented In the last of these atoges, the sixth pair of 
]jleopoda (ii^) are developed a-t freely projecting lateral wings of the 
caudol hn. 

If we compare the aeries of C-Ayjifopif stages with the other stages 
of Malacostracan larvae, we must class the younger Caii/pfofnt stage 
with the Prolozoaea, the older with the Zoom. The CfUypioi-ia 
stages, however, differ from these in the absence of the second pair 
of maxillipedea which have not yet developed. 

The later stages, known as the Fureilta itagri, are characlerised 
above all by the complete development of the stalked eye which is 
now movable, and which from this time onwards is not covered by 
the forward extension of the dorsal shield, but projects freely through 
an indentation at its edge. A corresponding change is found in the 
part of the cephalic shield lying between the eyes, which ia gradually 
transformed into a frontal plate running nut into a point to form a 
rofltrum. While the six anterior |jairs of limbs still retain for the 
time the shape seen in the Calyjifopis stage, the missing posterior 
limbs arc developi?d, the first Fuirilta stage showing the rudiments 
of the second pair of nisxillipedes and of the first pair of abdominal 
limbs. The other abilominol limbs develop very soon, white the 
third maxillijicde and the ambulatory thoracic limbs, as well ns 
the brancliial rudiments Iwlonging to them, appear more gradually 
in order from before backward. At the same time, in Eitphatttia, 
the rudiments of the eye-like luminous organs at the bases of the 
limbs develop. 

The most characteristic feature of the Cyrtopia elage is the chnngc 
in the shape of the aniennac, which from this time are no longer 
used as oars, but approach the adult form. The iwo flagellate branches 
of the first antenna have lengthened considerably and have become 
segmented into many rings. In the second antenna, the tmnsformattoii 
of the endopodite into the llagellum, and of the exopodite into a 
scale, are noticeable. Through the completion of the number »f 
limb-rudiments and the development of the last thoracic limbs, the 
Cyrtopia larva passes gradually into the adult form. 
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The Mysidae, ike Nebalia, only nndergo metamorphosis within the brood- 
cavity of the mother, the young which leave that cavity already showing the 
form of the adult We have mentioned above (p. 154) that the egg-integument 
in Mysia is shed at the Nauplius stage. The larva, which is then enveloped in 
the Nauplius cuticle alone, is essentially embryonic in character. It is maggot- 
shaped and can move but little, the limbs are soft and have no fringe of setae. 
The larval cuticle, beneath which the remaining limbs develop, is distinguished, 
in Mysi$ vulgaris and i/. fleoniosa, by the fact that, at its posterior end, it runs 
out into two setose furcal processes. The next ten pairs of limbs (two pairs of 
maxillae and eight pairs of thoracic limbs) appear simultaneously. The first 
of the pleopoda to appear is the sixth pair which enters into the formation of 
the caudal fin (Fig. 77 Et p. 153) ; the five anterior pairs grow out only after 
the shedding of the Nauplius cuticle (P. J. and K Van Beneden, Nusbaum). 

The course of development in the Lophogastridae seems to bo in complete 
agreement with that in the Mysidae. Sars, at least, has figured an ontogenetic 
stage of Lophogaster, which completely resembles a late larval stage of MysiSf 
the only distinction being that, in the former, all the pairs of pleopoda are 
already present ; these limbs perhaps appearing somewhat earlier in Loplw- 
gagUr than in Mysis. 

The development of the Mysidae and the Lophogastridae may in a general way 
be described as essentially abbreviated in comparison with that of the Euphau- 
siidae. In this respect, as well as in the inner ontogenetic processes, the Mysidae 
and Lopfiogastridae approach the Cumacca and the Arthrostraca. 

10. Decapoda. 
A. Sergestidae.* 

Among the Decapoda, the Sergestldae and the Penaeidae are 
distinguished by the primitive conditions recalled by their meta- 
morphoses, which begin with a very simple stage (Nauplius or 
Metanauplius), and also by the regular order of appearance (from 
before backward) retained by the body-segments. 

In the family of the Sergestidae^ the metamorphosis of the genus 
Lucifer has been specially accurately observed. The Profozoaea of 
this ontogenetic series was called by Dana Eridhina demitfsa; 
Claus (No. 8) afterwards found the Zoaea stage belonging to it, 
but WiLLEMOBB-SuHM (No. 157) first established its connection with 
the development of Lucifer, while Brooks (No. 109) observed the 
complete course of metamorphosis, from the hatching of the eg^ to 
the attainment of the adult form. His observations have been 
found to agree with those made on the Challenger material by 
Spbkcb Bats (No. 100) and Willkmoes-Suhm. 

The actual Nauplius stage is passed through in the egg; the young 
Lucifer larva hatches at a stage which we must describe as a Mefa- 
nauplius (Fig. 118 ^4). On the short oval body we can recognise the 

• [The Sergestidae and Penaeidae form the tribe Penaeidea comparable to the 
Caridea, etc.— £d.] 

S 
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Nauplius eye, the projecting upper lip (ol), and a few furcal eetsi?, 
indicating ita posterior end. There ie as yet no trace of a shield-like 
fold. In the anterior region of tlie body, the three pairs of Nauplins 
limba (a', a", md) are inserted. Of these, the first {o') is uniramoee; 
it consists of live joints and carries swimming setae at its end. The 
second ant«nna {a") has a two-joint«d protopodite and two swinmung 
rami ; when this appendage is compared with that of other forms, we 
are inclined, in opposition to Brooks, to regard the ramus, which ba> 
sovctal joints and ia provided with setae, as the osopoUite and the 
simpler, unjointed branch as the endopodite. The third pair of 
limbs (mandibles) resembles the second in etruclnre, but is smaller 
and less jointed. It has an unaegmented protopodite, a single-jointeit 
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endopodit«, and an exopodite consisting of three joints, both rami 
carry a few swimming setae. Following these posteriorly are four 
pairs of swellings, which represent the rudiments of the two pairs 
of maxillae (mx', blc") and the ttrst and second pairs of raaxillipedesi. 
Later Meiatiaupliut stages (Fig, 118 B), in which the Nauplius 
limbs show a slight degeneration, have at the sides of the body 
the Tudiment of a shield-like fold (d), and besides this, on the baaal 
joint of the mandible, a stiff masticatory process. 

The Protaioaea stages which now follow show the seven anterior 
pairs of limbs characteristic of the Zoaea stage completely developed 
and functional. The anterior [lart of the body is covered by a dorsal 
shield which is continued anteriorly above the Nauplius eye into a 
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long rostrum (r) ; this carries on its posterior margin one unpaired 
dorsal and two somewhat longer lateral spines. The posterior region 
of the body has developed into a large thoraco-abdomen, the most 
posterior end of which is transformed into the middle plate (telson) 
of the caudal fin, and is provided with strong spines. Behind the 
second maxillipede, four more segments have become distinct — that 
carrying the third pair of maxillipedes (Fig. 119 A, mp") and 
those carrying the three anterior pairs of ambulatory limbs {t^^). 
The heart {h) and the hepatic outgrowths of the intestinal canal (Z) 
have developed. The first antenna {a') now consists of two joints 
only, a long basal and a short terminal joint beset with setae ; the 
second antenna {a") has essentially the same sliape as in the preceding 
stage; it has an exopodite of several joints beset with many setae 
and a simpler endopodite ; it still functions as the chief locomotory 
organ of the larva. The mandible (Fig. 119 Z>, md) now consists 
exclusively of a masticatory blade toothed along its inner edge. All 
trace of the palp found on the mandible at earlier stages is now lost. 
The two pairs of maxillae already foreshadow their adult form. Tlie 
first maxilla (Fig. 119 i?) shows, on the inner side of the protopodite, 
two projecting masticatory blades, a short, two-joiuted endopodite, 
and a truncated exopodite beset with feathered setae. The second 
maxilla (Fig. 119 C) is principally distinguished by the large number 
of masticatory processes borne on its inner border. The two pairs 
of maxillipedes (Fig. 119 Z>, mf^ mf) are shaped like biramose 
swimming limbs with long endopodites composed of several joints 
and short, unjointed exopodites. In the maxillar}* region a shell- 
gland is seen developing. 

Later Protoztyaea stages (Fig. 1 1 9 D), which correspond to Dana's 
Erichtliina demissa, are distinguished by the commencing develop- 
ment of the paired eyes (o), as well as by the further advance of 
segmentation in the thoraco-abdomen. At the antero-lateral margin 
of the dorsal shield a swelling becomes apparent, within which an 
accumulation of pigment denotes the rudiment of the paired eye. 
Among the new segments that have appeared in the posterior 
region of the body are those carrying the fourth ambulatory limbs 
(t*) and the four anterior abdominal segments {1-4)- The last 
thoracic segment (that carrying the fifth pair of ambulatory limbs) 
never attains distinct development in Lucifer, The abdomen is 
not yet segmented. 

The next stage (Fig. 119 JP) is marked by the complete segmenta- 
tion of the abdomen, and must therefore be called a Zoaea stage. 
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The coraplotely developed limha are the bhiuo as those of tlie 
Pro/ozoaea stage, but befaiad tlieee we fiud tliat the third masUli- 
pede (m/'") and the four anterior ambulatory liuiba {tk^-tli*) have 
appeared as small biramose rudiments. Beeides these, rudiments of 
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the lateral portions of the caudal fin (jsixth pair of pleopoda) have 
now appeared. 

The next moult of the larva produces a very decided change in 
the external shape of the body. The larva now passes into the 
so-called Mysis or Schizopod-like stage (Fig. 120 ^4), which was 
described by Dana under the name of Sceleiina armaia. The 
antennae have lost their locomotory functions and tend to assume 
their adult form; the paired eyes (o) have become movable and 
stalked, and the Nauplius eye (oc) is still retained. The seven pairs 
of biramose swimming limbs (viz., the three pairs of maxillipedes 
and the four anterior pairs of ambulatory limbs) function as loco- 
motory organs. The larva, from this time onward, ceases to progress 
in a jerking manner, as in the preceding stage, and swims evenly and 
swiftly. The dorsal shield has still the same general shape, but, in 
its anterior part, the stalked eyes have become cut off from it. The 
indentation of the shield which contains these latter is marked by 
a pair of antero-lateral spines, while the spines at the posterior 
margin of the shield have disappeared. The cephalo-thoracic shield 
remains short in comparison with the abdomen which, in the next 
stages, increases still more in length. In the abdomen, we can 
recognise six perfectly distinct segments and the caudal fin, consist- 
ing of the telson and the greatly enlarged sixth pair of pleopoda (a6g). 

The first antenna (a') now consists of a two- (later three-) jointed 
protopodite and a short terminal joint which is to be considered as the 
representative of the flagellum and is richly provided with feathered 
setae. The second antenna (a") is a reduced biramose limb almost 
without setae. In the later My sis stages this appendage makes a 
fresh growth, its endopodite being transformed into the flagellum 
and its exopodite into the scale -like appendage. The mandibles 
(md) are simple masticatory blades without palps. The maxillae 
{msd^ mx") have essentially the same form as in the preceding stages. 
This is also the case with the first pair of maxillipedes (wi/'), the 
segmentation of which is somewhat less distinct than in the pre- 
ceding stages. The six pairs of swimming limbs which follow 
(second and third maxillipedes and first four pairs of ambulatory 
limbs) are biramose and very similar in form. Each limb consists 
of a two-jointed protopodite, a long, four-jointed endopodite, and a 
shorter exopodite which ip, however, indistinctly divided into 
numerous joints. An ample provision of setae enables these limbs 
to act as powerful swimming organs. 

Later Mysis aiages (Fig. 120 B), which are principally distin- 
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guished by the segmentation of the second antenna and the great 
development of the abdomen, show, on the five anterior abdominal 
segments, the bud-like rudiments of the pleopoda. 

The transition from the Mysis stages to the adult form takes 
place through the Masfigopus stage (Fig. 120 (7), which in length 
of body already approaches the adult Luci/er, but is distinguished 
from the latter by the absence of the neck-like prolongation of the 
cephalo-thorax. This stage is marked by the shortness of the 
flagellum of the first antenna (a'), while the flagellate appendage 
of the second antenna (en) has considerably lengthened. The mouth- 
parts and the thoracic limbs have attained their final condition. The 
mandible has no palp, the first maxilla has lost the exopodite, 
the latter portion of the second maxilla is transformed into a large, 
fan-like plate. The first maxillipede is changed into a short, two- 
jointed appendage ; the second maxillipede (mf) has, like all the 
other thoracic limbs, lost its exopodite and has lengthened out and 
become geniculate. The third maxillipede and the three anterior 
pairs of ambulatory limbs form a row of short, simple appendages 
covered with setae. The fourth pair of ambulatory limbs has 
entirely disappeared. The first pleopod (dh^) is uniramose, while 
the four following pleopoda {^^-o) have the usual biramose form. 
The Nauplius eye and the shell-gland have now disappeared ; on the 
other hand, the antennal gland (dr), which opens on the base of 
the second antenna, can be recognised as a coiled canal. 

The adult form, as contrasted with the Masiifjopus stage, is char- 
acterised by the lengthening of the flagellum of the first antenna, in 
the basal joint of which the auditory organ develops, as well as by 
the neck-like prolongation of the head. The flagellum on the second 
antenna has also undergone considerable elongation. The sexual 
differentiation now develops, the male being distinguished by 
accessory structures on the first and second pairs of pleopoda, 
by spines on the ventral side of the fifth abdominal segment, as 
well as by certain differences in the caudal fin, while the female 
has in these respects retained the characters of the larval form. 

The development of Lucifer just described is, in all essential points, repeated 
in the metamorphosis of Sergestes, although the two larvae are somewhat unlike 
in outward appearance. The Zoaea of Sergestes^ which is remarkable for the 
dorso-ventral flattening of its bo<ly and its extraordinarily large, branched, 
spinous processes, was described by Dana under the name of ElaphocariSf the 
later stages already being known as Acanthosama (Claus, No. 91) and Mastigopus 
(Leuckart, Glaus, No. 91). Glaus and Willemoes-Suhm simultaneously 
proved that these forms belonged to the ontogeny of Sergestes, and discovered 
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Prolozoaea stage of Lucifer ^ from which, however, it is distinguished by the 
compact form of its body, the early development of tlie stalked eyes, and 
the appearance of the third pair of maxilliinides (m/"). The seven anterior 
I»air8 of limbs agree very closely in structure with those of the Prolozoaea 
stage of both Lucifer and Fenacus, The first antenna (o') especially shows a 
segmentation of the base into five joints which recurs in Penaeus. The 
mandibles have no pal^is, the first maxilla (mx') has its exopodite developed 
as a fan-like plate, such an exopodite again l>eing found on the long leg-like 
second maxilla (maT). At the base of the latter, Glaus found the coiled shell- 
gland (arf). The three pairs of maxilli])c<les {mf'-m/') are biraniose limbs, the 
third pair, however, being somewhat small. Behind these are found the five 
narrow segments which later carry the ambulatory limlw, while the abdomen 
still appears altogether unsegmcnted. The latter terminates in a plate which 
runs out into prongs, and is here much more marked than in Lucifer. This 
terminal part seems to find its homologuc in the anal segment of the Phylloi»oda 
with its two furcal processes. A marked feature of this stage is the gieat develop- 
ment of the movable stalked eyes &iu\ the develoj)ment of protective processes 
on the broadened dorsal shield. There are here one anterior rostral spine 
starting from a broad l)ase, one dorsal and two lateral spines, each of which 
appears branched through the formation of secondary processes. These spines 
no doubt corres])ond to the nmch shorter ones of the Lucijer larva, with which 
they agree in position. 

The Zoaca which emerges from the stage just described (Blaphocaris) is still 
more abundantly armed witli spines. The frontal, dorsal, and lateral sfdnes 
have greatly increased in size. The frontal s})ine has become coinj»aratively 
slender, and a i»air of branche<l an tero- lateral spines have dcvelojKHl on its 
base. The sejtarate segments of the abdomen also, which are now distinct 
(except that the sixth segment is still indistiuguishablc from the forked telson), 
are also well armed with lateral spines. While the anterior limbs, including 
the three jiairs of maxillii)edes, have the same character as in the former stage, 
only the rudiments of the biraniose limbs are to be recognised on the five 
following thoracic segments. The sixth i>air of pleo]»oda has also api^eared. 

In the transition to the Mysis stage {Acanthosoma, Fig. 121 B) the complicated 
armature of the dorsal shield is lost, only the basal jH)rtions of the branched 
l>roce8ses found in the Elaphocaris being retained as short spines, but the sjiines 
on the abdomen are still retained. The furcal processes of the telson are 
also reduced to two short spines ]>rojecting l»ack wards. Significant changes are 
found in the development of the limbs. The first antenna in younger AcaiUho- 
soma has a long, still unjointed protoi>odite (i)rovided with a basal toothed 
process) and two short terminal j)rocesses which apjwar to be the rudiments of 
the princifial and accessory fiagella of later stages. In the second antenna (a") 
the formerly many-jointed exojKxlite is transformed into a rod-like aj)j)€iidage, 
while the endo|>odite has develoj)ed into a long flagellum. The two jmius of 
maxillae still show the character deseril>ed for the earlier stage. The anterior 
maxillipode is remarkable for the retluction of its exoi^dite ; but the seven 
folloviing pairs of limbs (the two remaining maxilli{)edes and the limbs which 
have developed from the five rudiments on the thoracic segments) are changcfl 
into conspicuous biraniose limbs in whirh the exo]X)dite, richly (clothed \\ ith setae, 
is specially ap]Mirent. The limbs of the alxlomen are short rudiments, except 
those of the sixth segment which, on the contrary, are well develoi)e<i as the 
long lateral divisions of the caudal fin, and are provided with setae. Later 
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Acanthasoiiia stages arc noteworthy on account ot tha dei'clo|>niC'nt oT the 
auditory vesicle ut the Imse of the first mitcnnii and the further grd«-tli of 
the mdinicuta of tlie pleopoda. 

Th*> itattiyupiu fumi wlijuh dev<>1o)>8 from tlir Aea.nllioiionM is wry like 
that of Luei/ir, Here also we finil great dpTelnpniont of the abdomeu aa 
opinmil to relatively small hize of the ccplmlo- thorax. The armature of sjiines. 
witli the excei'tiou of the ]iersiiilv[it roatrum, is reduced to bduII vestiges. 
The Dxnpoditca are loit on the thoradc linila ( max illi pedes aud ambulatoty 
limbs), and Clie last luir of those linibd have altogether disa]>|iearcd. The 
|ileo|ioda are now greatly dvveloped, but slill hare uo exopodites ; these, 
however, are evident as buds on the two pMterior jmrs, hut only attaiu 
funntionat develotuneiit at a litter xtsge. 

The chsngea by which the Mmtigopu* {nusos into the adult form cbteHy aiTact 
thp limbs (above all the mouth -parts), which now apjimanh tlie adnit fomi ; 
tliB iDBudihidar palp, for instance, grows nut, the two last jiairs of thoracic 
limbs reappear, and the gilU develop. The developing mandihular palp remains 
two-Jointe<i in Sergo-Us: the anterior maxilla iu tlie Liter MaMino/na stages 
still shows a sliort rudiment of the palp. In the posterior maxilla, on tfaa 
contrary, the exo]Hylttc is tranaronueii nito a large, fan-like pUte. In the 
anturior niaxilli[iede, the exojiudite and enJojiDdite are short ap]>endsges, while 
a large, plate-like, masticatory blade has develofied on the protopodite. The 
second ni*xilli[>«le is short and geniculate, while the thifl has retained the fomt 
of a long limb. Even iu early stuges, the rudiments of the pincers are reuog- 
Qiaable on the second and third ambulatory limbs. The loss of the Nanplius 
eye and the shell-gland, and the development, on the other hand, of the 
antennal glaoil are noticeable features iu the internal auatoiuy. 

In the ahsence of gills and of the two posterior pairs of thnracic liml«, 
lAlci/er shows features whicli are present in StrgesUa at the Uaati^oiniM stage. 
fAiti/tT has tlius retained certain larval characteristics. 

The many larval stages of Strgctta found among the Challenger nutterial 
agree in the most essential points with the stages above described, hut show 
great varialiility in the armature of the cephulo- thorax and al<domen. The 
Sergestid Zoaea called Flitti/iareiia erenalua is interesting ; its dorsal shield, 
whiob is rounded and provided with marginal spinous lobes, leaves the fonr 
I>oaterior thoracic segments [already provided with limbs) completely uncovered. 
a feature in which this form agrees n-ith tlie PeKociu and Liicijer larvae. Some 
larvae of the Mgnt and Mtiatijiopui stage called HciocaTta Idaonia are remarkable 
for the shape of tlie telson, wliioh has segnlenled fumal proceues. 

The contrasts iu outward a]>pcanince presented by the short, broad, and 
spiniferous larva of Sergesta aud the slender larval form of Lmiffr are brought 
about by a series of ontogenetic stages, which Brooks (No. lOS) has tnoed biulc 
to a meeting poiut iu the genus Aertei, These larvae are more compact than the 
Lueiftr larva, and are also somewhat better supplied with spines. Buooss is 
inclined to refer to this series a FroUaoaea larva descrilicd by UonnN (No. 121, 
"lArva of an unkuown Cnistacesn," Plates 29 and 30, Figs. 6'^-67| and ClaI's 
(No. 8, " Phyllopoda-lika /Vo/icoaen of uuknown ancestry," Plate 4, Flga. 2-7). 
The latter larva is prinoipally ubaracterin.'d by the great development of the still 
iinatalked lateral eyes, which, as in Lucifer, cause a bnck]e-slia]>ed projection 
of the doi-sa! carapace. With i™prct to the condition of the stalked eye. 
which is already very highly developed in the Prolasoam of Sirgesl's, this Isrra 
holds a position intermediate between the latter and jMei/tr. 
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B. Fen&eidae. 
Our knowledge of the metatiiorphosis of Penaeua is due mainly 
to the researches of F. Mcllbr (N'os. 141 and H2). It is of great 
significance in forming an estimate of the Decapodan metamorphosis, 
on account of the presence of 
the NaupUus stage, as well as 
the primitive order retaineil in 
the development of the scg- 
menta and limbs. Claus (No. 
8) has since added further de- 
tails, especially with regnrd to 
the Protiaoofa stage. More 
recent investigations have been 
made by Brooks (No. 110), 
who was able to observe the 
origin of all the stages follow- 
ing the first Proto~<iaea in 
specimens cultivated by him. 
A series of larval forma chietly 
belonging to later stages arc 
described by Spexce ISatk, who 
utilised the ol)3ervations of 

WILLBMOES-SUHM (No. 100). 

Penaeutt, like the Euphan- 
n'dae, leaves the egg as a true 
NaupUus (Fig. 122 A). The 
long, pear-shaped hody is still 
without a shell-fold, and ter- 
minates posteriorly in two 
long, f ureal setae. At the 
anterior end of the body, the 
NaupliuB eye is visible. Tlie 
three typical pairs of Nauplius 
limbe are still unjointcd, and 
are provided with swimming 
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The succeeding Mttanaupliw 
stage, in outward appearance, 
still greatly resembles the Nati- 
plittf, but is distinguished from the latter by the appearance of a 
trausrerae dorsal integumental fold (rudiment of the dorsal shield) 
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and two truncated proceaBeB provided with setae at the posterior 
end of the body (furcal proceaaeB). This stage greatly reserablea 
the MetaHauiiliuf of Lnet/er (Fig, 118 5. p. 25«). Like the latter, 
it posaeBScs a massive, helmet' shaped upper lip. The three poire of 
Kauplius limbs appear shifted somewhat forward, and four pairs 
of bud-like Hnib'niiliments have arisen. The third Naiiplius limb 
shows an important alteration, a thickening of its basal portion being 
evident as the rudiment of the masticatory blade of the future 
mandible, while, from the two swimming rami, the living contents 
have lieeti withdrawn, an iniiicalion that these parte will be cast 
off in the next moult. Near the eye, the paired froDtal organ (Fig. 
122 B), which also occui-s in the Zoaean series, can be recognised 
as a small, L-onical projection. 

The next stage observed is the Proiozoa^u (Fig. 122 B), with well- 
developed, lucre or less rounded, cephalo-thonu^ic shield, seven ])airs 
of limbs and an unsegmented abdomen (at) terminating in distinct 
furcal processes. The ant«nnae are still locomotory organs. The 
first antenna (7) is divided up into four joints. On the posterior 
antenna {2) a tliree-jointed endopodite and a four-jointed exopodite 
can be recognised. The upper lip is helmet'shaped and marked by 
a spine which points forward, this is also found in the larvae of the 
Sergeitidae. The mandibles are now palpless, toothed, masticatory 
blades. The maxillae agree to a great extent in shape with those 
figured for Ladfei- ( Fig. 1 1 9 B and G, \\ 260). In the first maxilla, 
two inwanlly projecting cutting blades can be recognised on the 
protopoilite, there is a jointed endopodite and a leaf like exopodite 
]irovided with setAe. The second maxilla resembles the hrst in 
shape, but has four blades on the protopodite and a somewhat longer 
endopodite. The two anterior pairs of maxillipedes (I, II) arc 
developed as biraraose swimming limbs. At the base of the 
succeeding (thorauo-abdominal) region of the body, transverse rings 
mark a ilivisioo into six segments (those bearing the third niaxillipede 
and the live ambulatory limbs, III-VIII). The position of the 
anal aperture is wortliy of mention ; it is, at tliis stage, exactly 
terminal, lying between the two furcal processes, and only later 
shifts to the ventral side of the telson. The presence of three 
pairs of hepatic outgrowths from the intestine is already evident. 
The heart, which is situated al the anterior extremity of the 
thoraco-aMomen, has only one pair of ostia (?). At the anterior 
margin of the cephalo-thoi'ux, the rudiments of the paired eyes are 
visible OS swellings in close contact with the frontal organ. 
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Laier Protozoaea forme (Fig. 125 A) which Glaus (No. 8) 
obeerved are chiefly characterised by the development of five 
abdominal segniente {a-^-a^ still hidden uoder the larval cuticle, 
they also show a greater development of the paired eyes and the 
division of the protopodite of the first antenna (2) into firo joints 
(a feature which recurs in the Proloaoaea of Sergeefea). The sixth 
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abdominal segment is still fused with the telson. Besides the 
rudiments of limbs already nientionet], the truncnteil rudiment of 
the third maiillipcile (///) c.in now be seen. 

The Zoaea which proceeds from the above (Fig. 123 B and C) 
ia marked by the development of the movable stalked eyes, and 




of a. frontal spine found between these organs, as well as hj thai 
of the thoracic: limbs. The ubdominal Ge^ents now increase greatly 
in size, so that they are soon longer than Ihoee of the thorax. 
The third pair of tuoxillipeiJes can now be recognised as a short 
hiramose liinb (Fij;. 123 B, III). Behind this, the rudSraenls of 
the ambulatory limbs (IV-VIII) are just visible, and still slighter 
prominences indicate the limb -rudiments on the live anterior 
abdominal segments. It is thus evident that, in Penaewr, the limbs 
havo retained the order of development from before backwards. 
An exception to this order, however, is aiTorded by the sixth pair 
of pleopoda, which can at this stage already be recognised as bilobed 
rudiments (a^), thtis preceding the other abdominal ap]>endagee in 
development. This pair of pleopoda develops as the lateral portions 
of the caudal fin (Fig. 123 C, a), while the small limb-rudimente on 
the five anterior segments of the abdomen appear to be temporarily 
suppressed during the later Zoaea stage (Fig. 123 C, o,~a^). In 
such a later Zoaea stage, the live joints in the protopodite of the 
first antenna seem also to have disappeared ; the rudimente of the 
five pairs of ambulatory limbs can now bo recognised as small 
biramose appendages [IV-VIII). 

In the MijM* glaije. which follows (Fig. 123 D), the antennae have 
ceased to function as loeoraotory organs, the locomotory function 
being now performed by the biramose thoracic litnbs. The cephalo- 
thorax is now small as compared with the abdomen, which deveIo[is 
greatly, and in which the pleopoda have now reappeared. Dorsal 
spiaee appear on the abdominal segments from the second to the fifth. 
TJic anterior antenna (1) now exhibits a three-jointed protopodite and 
two still unjointed flagella ; the latter become jointed at a future 
period; olfactory hairs develop, and an auditory organ forms at 
the base of this limb. In the second antenna (S), the exopoditc 
has changed into a scale (squame) fringed with setae, while the 
endopodite becomes transformed into the adult flagellum. The 
upper lip has lost its spinous process. On the mandible, the two- 
jointed palp of the adult develops. In the anterior maxilla, the 
endop<xlite degenerates into a short truncated limb, while the 
exopodit« is completely lost The exopodite of the second maxilla 
changes into the large respiratory plate. The first maxillipede 
resembles that of Serge»tee, the protopodite growing out into a large 
cutting plate, while the endopodite and exopodite are retained as 
small appendages, and a branchial pouch sprouts from the basal 
joint (Fig 91 C,p. 194). The second and thitd maxiIlipedea(//,7//), 
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as well as the five following thoracic limbs (IV- VIII) are still large 
biramose limbs with well-developed exopodites. 

In the transition from the Mysis stage to the shrimp form^ the 
exopodites of the thoracic limbs are reduced, while the flagella of 
the antennae become jointed, and the pleopoda which appear in 
the Mysis stage attain their full development. The second and 
third maxillipedes retain the character of biramose limbs. The 
second maxillipede has a geniculate cndopodite, a smaller exopodite 
(flagellate appendage), and gills ; the third maxillipede has its 
endopodite developed as a long ambulatory limb, while, in it also, 
the exopodite persists as a flagellate appendage. The three following 
limbs (first, second, and third ambulatory limbs) are i)rovided with 
rudimentary pincers as early as the Mysis stage. 

The various ontogenetic stages of Peyuieics, which have become known through 
the examination of the Challenger material, can easily be brought into agreement 
with the process of development just described. Tlicy, however, show many 
variations which may be regarded as generic and s])ecific ditferences ; these 
chiefly affect the armature of spines (especially in tlie abdomen) and the relative 
development of the limbs (the thoracic limbs and the pleopoda). 

The remarkable Pefeinura g^ibcrnatxi, which Spence Bate (Xo. 100), on 
account of certain points of agreement with AristcuSy regarded as j)ossibly 
belonging to the Poiacidae, must no doubt also be considered as a larval form. 
This form agiees closely with that described by Doiirn (No. 121) as Ceratapsin 
longiremiSy in the armature of the cephalo-thorax, the shape of the limbs, and 
the excessive development of tlie exopodite of the sixth i)leopod. CercUapsis 
is regarded by Boas and Glaus as a larva of some form which must be related 
to the Penaeidae on account of the structure of its gills, made known by the 
latter author. 

The metamorphosis of Stenopus^ wliich is allied to Penacus and shows some 
relation to that of the Serge^icUu^ has been described by Brooks and Herrick 
(No. 111). The larva which hatches from the egg is a Protozoaca witli sessile 
eyes, antennae serving as swimming limbs, a dooply-clcft telson, and a long ros- 
trum, and with all the [)airs of limbs as far back as the first thoracic api)endage 
(inclusive) already developed. The posterior region of the body is only indis- 
tinctly segmented, and has no appendages. From this form a true Zoaea 
develops, showing the characters of a Caridid Zoaea (p. 272). A later stage 
is characterised by the enormous lengthening of the fifth pair of ambulatory 
limbs, which function as the principal locomotory organ of tlie larva and equal 
the whole body in length. These limbs are reduced in the following Mastigopus 
stage to small vestiges, and the preceding pair (fourth ambulatory lim))s) also 
degenerate for the time only. In this respect, Slenopiis recalls the Sergestidae 
(p. 266). 

G. Caridea. 

The metamorphosis of the Caridea {Pcdaemonidae^ Alpheidae^ 
Crangonidae, etc.) is, as compared with that of Penaeus^ essentially 
abbreviated. The Nauplius and Protozoaea are never free stages 
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in the Caridea, hut aro merged in tlie geaeral embryonic develop- 
ment wiiich takes place lu the egg. The embryo leaves the egg, 
aa a rule, oa a peculiarly-shaped Zxiea (Fif;. 124), which in certain 
characters anticijwtes the Mijsig elage, and thus in many respects 
ia more advanced than the typical Zoaea. We may take as an 
example a larva described by Glaus (No. 113), and referred to the 
ontogeny of Hippolyte. In this larva wc can distinguish an attf«rior 
eephalo-thoracic and a posterior alxlominal regiott. The latter is long 
and already shows \\s full number 
of segments (in forms related to thi^ 
Zoaea, however, the separation of 
the sixth segment from the teleon 
is often at lirst indistinct). The 
telson is, as a rule, no longer cicfl 
(fureal structure), but has the form 
of a broad plat* with a spinone 
' posterior margin ; in inilividunl 
cases, however {e.g., PoiUophUu*, 
G. O. Sabs. No. 151), a furcate 
condition with two lateral wings is 
found. The dorsal shield carries a 
simple pointed rostrum and short 
supra-orbital and antennnl spines, 
but there is no further development 
of spinous processes. In many 
larvae of this group, however, there 
is a very prominent dorsal spine on 
the second abdominal segment, as 
well as smaller ones on the three 
following segments. In other re- 
spects, the spinous armature of this 
region of the body undergoes great 
variation in the forms belonging 
to this group. Near the Nauplius eye, the paired eyes aro distinct 
and already stalked. 

In the anterior region of the body, besides the seven pairs of 
limbs occurring in the Zoaea, the eighth pair (third maxillipedes, 
Fig. 124, Mf") appear in the form of well developed swimming 
limbs. The region following this, which comprises the five segments 
carrying ambulatory limbs, ia almost unrepresented, its segments and 
limbs only becoming apparent at u later period. The pleopoda are 
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Btill altf^tlier wanting. In the second antenna, the tiansfonnation 
of the exopodite into the Bcale and of the endopodite into the 
flagcilum of the adult can be recognised, the mandibular palp is 
wanting as well as the leaf-like append^e (exopodite) of the first 
maxilla, which is found in Penaem. The heart has two pairs of 
oetia, a normal condition in the Zoaea, the third pair developing 
during the Mysia stage. 

While an apparent irregularity is produced in the order of 
development of the segments by the suppression of the fifth thoracic 
segment, the rudiments of the limbs appear iu the regular order 
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from before backwards. The only exception is aflbrdcd by the 
Bixth pair of plcopodo, which frequently develop precociously. TIip 
ambulatory limbs develop gradually from before backwards, in 
coutraet with those of the SeTgeglulae and of Penaem, which appear 
Bimultoneoufily. The development of the thoracic limbs frequently 
shows variations in detail which arc not all as yet accurately known. 

In Hippolyte, the first two [laim of ambulatory liniba and tlic sixth pair of 
abdominal limbs (nrojioda) ajifirar ainiultaneouaiy. In an older atsgc (Fi^. 125} 
these become biramosc, while the Ijuds of tlie three posterior pairs of ambulatory 
limbs also appear. In Palaenion, the larva which batches from the egg has 
the radiments of the thi-ee following thoracic lituba develojied behind the third 
p«ir ormaxillipedes(BoniiF.TZKY). The larva of Crangan, when hul^ihed, shows 
the bud-like mdimenU of the two anterior pairs of ambnlatorj limbs (Clacs. 
Xo. 113 i Ehhenbaum, No. 123*), but the nidimenta of the three following 

• 0. 0. Sabs (No. 151), on the contrary, states that in Crntigon wulgaria and 
in CTk<7ijpAi/i« and Po«io]>bilua only the buds of the first pair of ambulatory 
limbs are present, while the four remaining; pairs ap]>ear simultaneooaly in the 
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join develop very sood a(l«r. The earlifst free latra of Falaemonela mlgarin 
ihmra the rnduaenta of the two atiUrior pain ot thoncic limln, nhile thi> 
potlerior paira arise independently io mecfeiding aUgfs (W. Faxok). 

On]y after the thoracic limlw have developed do the pleopoda 
appear an buds. By the developuent of the thoracic limbs into 
biramose swimming appendages, the larva passes into the M]/»u> 
stage, whiuU varies in ita appendages in the different forms, ioasmuch 
as the exopodite may be suppressed in individual thoracic limbs. 
In Hij>poli/le, Caridina, and Palaemoneten wlgarif, for instance, 
the last pair has no esopodite (tliis is perhaps the case in most 
Catldid larvae), while, in Cheraphilu* and Poniophilttg (G. O. Sabs, 
No. 151), and in the fresh-water form Palaemonetfi tarian», tbi- 
rudiment of the exopodite seems to be suppressed on the Inst three 
thoracic limbs, in Crangon wl'iari* (Ehrknbaum and G. O. Sabe) 
and in Sabhtea (Sabs) on the last four. In the latter fomis therr 
is thus an evident tendency to the eliniinalion of the Mygis sta<;e 
from the metamorphosis. 

The tcndenc; to simplilicatiati nf the ontogi^Detic processes, which findi 
eiprenion in the above conditions, has led, in individual cases, to a mucii 
more marked abbreviation of mpUniorphosis. The embryo of the aretie fonii 
HippdlyU poIarU, as obaerved by Krovir (No. 136], showed the Rve pain or 
Ambulatory limbs as simple (uuiraniase), jointal appendages, the mdiuieDt* of 
pincers being already manifest on the anterior pair. The live anterior purs 
of abdominal limbs could also be recoguiml as biramoae rudiments, while the 
sixth pair was Btill wanting. The meUmorphosis of S<Miua (G. O. SaRb, 
No. 151} seems similarly abbreviated, the youngest larva {Mflo Oaimardii of 
Kboteh} batched from the rgg already showing the rudiments of all the five 
smbnlatory limbs and of the live anterior (and already biramoee) pain of 
pleopoda. Only the hrst sminilatorj limbs have eiopoditB!, the second bring 
imiramose and very small. In SrlrTocraHgon bortiu, the eggs of which art 
distingaished by their large size, there appears to b« entire suppression of 
metamorphosis {SrENCE Bate, No. 100, G. 0. Sabs, No. IM), and the aame is 
the case with the dee|) sea forms '.'ryptorhrUs and Bythocarii (G. 0. Saiis, 
No. 161). 

Many of the frMh.water Curidea (e,j., Caridina Damaratii) have, in 
contrast to their marine reUtiona, no abbreviation of metnmorphoua, but 
such abbreviation is distinctly evident in Pafatmon, Paliwna (F. HOli-kb. 
No. 143) and Pnlacmontla variaa» (P. Mayer. No. 138), PaUumon Palimai 
leaves the egg at a stage of development very similar to that of Eippolytt 
poiarU, being only distinKuiehed fruni the latter by tlie backward condition 
of the mouth-ports (for, owing to tho larger amount of food-yolk present, the 
larva does not commenc« to feed until some time after hatching), and by tlie 
presence of gill -rudiments. 

The variety of PalaemimeU.^ xariana, which occurs in fresh water in the 
South of Europe, hatches, according to V. Matbr, at an advanced Zoaea stage 
representing the transition to the Mysie stage, and possesses all the limbs 
last pair of pleo|KxIa. The two anterior pairs of amhnlatory limln 
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already show the rudiments of pincers, and arc provided with exopodites, which 
are wanting on the three following ambulatory limbs. The gills (plcurobranchiae) 
are well developed on all the segments bearing the ambulatory limbs. The 
abdominal limbs are found as biramose buds. Tlie telson, in sha^ie and armature, 
resembles that of the Caridid Zoaea, and is not as yet 8hari>ly marked off from 
the sixth abdominal segment. In contrast to the above, it is an interesting fact 
that the variety of PaUumonetes varians^ which occurs on the shores of Northern 
Europe (but also in brackish or fresh water), shows far loss abbreviation of 
metamorphosis. According to Boas (No. 105), the Zoaeae which hatch from 
the eggs of this form have only truncated, unjointed ambulatory limbs, while 
the abdominal limbs are altogether wanting. In all forms with abbreviated 
development, the eggs are considerably larger and more richly provided with 
food-yolk, and the number produced by the female is consequently smaller. 
The young, when hatched, still retain a considerable amount of food-yolk, 
which is only gradually absor)>ed, and consequently they do not take food from 
outside until very late. In keeping with this, the mouth -parts of the other^'ise 
highly-developed larva are in a very rudimentary condition. 

According to Heurick (No. 133) and Packard (No. 144) a similar abbrevia- 
tion of metamorjtbosis is found in two species of Alpheus. In other species of 
this genus the metamorphosis does not deviate from that uf other Caridea, 
but in Alpheushctrrochclis it is abbreviated, and in AlpJieiis prarcox^ which lives 
in Sponges, it is almost altogether lost. 

In connection with the Caridea we should mention the genus Amphion, a 
form whose systematic i)osition is still very doubtful. It agiecs in the fonu of 
its Zoaea larva and in the i)08session of branchial rudiments which show the 
character of phyllobranchiae (Spence Bate, No. 100) with the Caridea. The 
oldest known stages of Amphioii appear (in the deticient tjcgmentation of 
the antennae) not to have attained full development, and must probably be 
considered as larvae, although Doiikn* (No. 120) and AVillemoe.s-Si:hm, on 
account of the statement that genital rudiments ap^iear in them, were inclined to 
regard them as arlult forms. The long body move^ by means of six pairs of 
biramose limbs, which corresiMud to the second and third ma.\illii>edes and the 
four following thoracic limbs, while the last jiair of thoracic limbs is present 
in an undevelope<l condition. In the shape of its biramose liinb.^, ns well as in 
the presence of branche<l hei>atic tubes in the anterior jwirt of the cephalo-thorax, 
Amj^iion shows striking agreement with the Phyllosoma^ and Boas (No. 103) 
actually conjectured that it might be the larva of the genus Pohjduks^ which is 
related to the Loricata. The youngest known stages of Amphioii aio Zoaeae 
resembling in api)earance the Caridid Zoaeae, The second and third pairs of 
maxillipedes, develo|)ed as biramose swimming limbs, are the princi])al loco- 
motory organs, while the first pair of maxillipedes already appear drawn 
towards tlie mouth. The abdomen ends in an oval telson ; tlio })leoiKKla are 
wanting, but the sixth pair veiy soon develops. Other forms nearly related to 
Amphion have been described by Willemoes-Suhm, their similarity in shajKi 
of body to Sergestes being pointed out. These forms are known ns Amjthiones, 

D. Astacidea. 

In the tribe of the Astacidea there is still greater abbreviation of 
metamorphosis than in most Caridea. There is no longer any free 
Zoaea stage. In Hoinarus, whose metamorphosis has become known 
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I.y the works of Khoveb (JTo. I3G}, G. O. Sabs (No. 148), S. J. 
.Smith (No. 153), and Rtder (No. U7), the stase at which the young 
leaves the egg (Fig. 126) is the Mi/fU stage, which moves about hy 
means of the exopotlites of tlie thinl pair of maxillipedea and of 
iho five pairs of amhnlntory liiiiba {mf'-p') developed as strong 
swiuiming organs. The dorsal 
shield passes anteriorly inio 
a einiiile rosttiim. The ab- 
di>nien is distinguished by 
^/ "■•—''-i^^^ ^X^tP^^/'^^^ the ptpsenco on ite aegmeuts 

of dorsal and lateral spines, 

y* A'/i"^/^' f^\ nidimeMts. Tlie telson is a 

triangular toothed plat«, in- 
dented posteriorly. The fitsl 
antenna (ft) is still ui)joint«d, 
the second {«') is hitamosr, 

„ ,„ , ., . ^ , I , . ^ with an exopodite ch(iDg«d 

Ytt-. IM.— I«r™ ot the AmaHon lolnter, Jiut "^ ~= 

iwtctitd (after siinK). n', Unit, «.'•. ucoiid into a flcale and a slendLT 
lutfn.,.: «/'" UiirJ >.u«iiiip*ic; p/-j.K. n™t gn^ppodite (rudiment of the 
flagellum). The mandible 
carries a three-jointed palp, there is no exopodite on the first maxilla, 
Tiie second ma>d]la and the maxillipedes resemble in essentials those 
of the adult, but are atiil in ninny respects rudimentary. The 
endo]K)dites of the three anterior jviirs of ambulatory limbs already 
teniiUiate in rudimentary pincers. 

In the next stage, the limb-buds appear on the second, third, 
fourth, and fifth abdominal Begmente. On the first antenna, th© 
segmentation of the principal flagellum and the rudiment of the 
accessory flagellum can already he recognised. The three anterior 
pairs of ambulatory limbs have increased in size, and the pincer- 
ruiUments are more clearly developed. 

In the third larval stage, the Sehizopodan features gradually dis- 
appear, while the adult characters begin to develop. The e.TopodJle 
of the third ma-tillipede, as well as that of the fifth ambulatury 
lirub, degenerate, while the limbs of the sixth abdominal segment 
attain development. The abdominal spines begin to degenerate. 

In the next sfcige, the Schiiopodau characters have lieen entirely 
lost. The exopotlites of the ambulatory lim1)s are mere vestiges 
The larva, in all essentials, resembles the adult, but still retains its 
pelagic manner of life, and swims by means of its abdominal limbs;. 
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Only in a loter young form, wliiuh has sunk to the bottom, does tlie 
aajrametry of the pincers become apiiaient; tho tirst abdominal limba 
which, to begin with, nrc similar in form in the two sexes, appear 
at this same time. At a still later stage sexual differentiation 
is attained. 

The iiietamori>hoeia cF Xephrapi noTTCjicul, a siugl« 9taj^ of which \tu made 
tuiown long ago by CLArM (Xo. 113), ami whieh lius more recently l>een 
completely described by C. 0. Saks (No. 149), utfrees in oil ila detftiU with 
that of Homanis. Hero, aa in tlie Utter, the four stages drscribed t\>ove can 
Iw distingiiisheti, bein); similarly ulianictci'iiied in both foims. Tli« larrn of 
Nephropt, hoirever (Fig. 127), liae a peculiar appearance, being distinguished liy 
the spines on its abdnineii. On the tliiiil abdominal segment there is a sniiill 
doraal Bpine, on the fourtL and tifth a niui-li lar((eT one, ivhile the sixtli nhdomilial 
ae;^cnt haa u pair of long luickivaiilly directed ijpiueit. The tclxon nhicli, in the 




Fio. 127.— Later .Iftiii alalia at tliiAi'-ia nm 
•Dtenna; tn/"'. third iaii]cl]Llpi-.Le: pi-j«, 
•Kooil dbdiniiliial aegineiit ; jil', pltuiod nf the Bftli abiloiufnal aoini.eiit ; r, rostnim. 

Drat and second stages, nas not distinctly markcl a(r from tlie sixth abduniilial 
segment, runs out into tnn very large movaldo spinous jiroceBses nliich ore 
retained even in the tliird atage, together witli tlie lateral i>Iates of the caudal 
En (siitli iiair of pleo|>oi)a), and only disapjiear in the foiuth stitge, in wliii'h 
the telson is tranafonned into tho middle ])late of that (in. 

The young of Aataciis, nben hatcheil, are distingiiislicil only in unessentinl 
points from the sdulL The cephalo- thorax is swollen by tliR maat of nutritive 
yolk beneath it, and the rostrum is curvci) doivnwunls hetivicn the eyes. The 
first pair of abdominal lim1>s is still undcvelopetl. The ]Tlvoi>oda of the sixtli 
pegmcnt have also not attaincil free duvGlo]>mcnt. The Itl-on lias a [lecnli.ir 
oval shape. In other res|iccts the young of Aalacui, u-liich still lenmin for some 
time hanging to the alnloniinal limbs of tlio mother and nre protected by hrr, 
entirely rewmhle the adult Sletamorphosia hen;, us in so many fresh-water 
forms, has entirely disappeared. 

The young of Cambarus (W. Faxon, No. 127) eloacly i-ewnihle in 8ha[io the 
above forms, and, like those of Ailaaif, recall in certain ri'si^efB the Faraalaciiittr.. 
Ttie first and sixth [uirs of pleO]K>da arc still wanting;, and (he tranavi'rse 
Bpgnientation in the region of the tclaon-plaU has not yet developed. The 
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kttor, unlike Uiat of A$laca>, has no fringe of solac. Development stems 
still moic abbievinted thon in Ailaaif, inasnuich as the caudil lin very soon 
ntWitis comi'letion. 

£. Lorieata. 

The Inrvnc of the Loricata hatch in a form long known as the 
PhyUotiiiHa, which was formerly regarded aa an independent genua 
and placed either among the Stomatopoda or among the Decapuda. 
That this form belonged to the ontogeny of tlie Loricata was firel 
rendered prohable by the enperiments in cultivating specimens 
made by Couch (No. 116), who was able to hatch, from the eggn 
of Paiinni'iK, larvae which Gerstackbr had already assumed to be 
PhyUosotiM. Costs and Gerbe arrived at the same results almost 
simultaneously. Tlie embryonic development of Scyttanu and 
Puliiutruii, ns well as the transition into the young Phyllotoma, 
wita made Itnoivn by Dohrn (No. 119), while the metaniorphoais of 
the PhyHwvwi was established chiefly by CLitis (Nos. 91 and 8) 
and KicBTEHM (Xo. 146). Various Phyllosoina have recently been 
described by Si>e\ce Bate (No. 100). 

Tlie Ph'/UoKoma must be regarded as a peculiarly-shaped Mytit 
stage. The Loricatn thus leave the egg at the stage at which many 
of the Aataciden hatch. The leaf-like, flatly compressed shape of 
the body and the slight development of the abdomen must be 
regardeil as adaptations to a pelagic existence, while, on the other 
hand, npi>arently primitive characters are retained in the independence 
of the thorax and the presence of furcal processes on the telson. 
Other features, however, can only be explained as degeneration- 
phenomena, the correctness of this view being confirmed by com- 
parison with the embryonic stages. 

The embryos of Sej/Uarus, whose ontogeny was worked out by 
Dohrn, jwsa through a Naupliw stage which bears a genenl re- 
semblance to that described above (p. 156) lor Aeiaaie, and is marked 
by the secretiun of a larval integument (Nauplius cuticle). The 
later stage also re^mbles the corresponding stage of Antaeug, at 
that tlie posterior region of the body which has now developed 
(thoraco-abdomon) appears flexed ventrally. The anterior region of 
the body, in which the food-yolk is deposited, bears the two pairs 
of antennae and the month-parts, including the first maxillipedes. 
Tlie second and the third maxillipedes are found on the recurved 
thoraco-alHloininal section, together with the rudiments of the three 
anterior ambnlatory limbs. Behind the hist pair of these rudi- 
inenta there follows an unsegmented terminal region in the form 
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of a square plate. Most of the limba are still of a somewhat 
embryonic stamp, but it should be mentioned that the three anterior 
paire of limba of the thoraco-abdomen (second and third maxilii- 
pedea and first ambulatory limbs) consist of uniramose rudiments, 
while the two following pairs (second and third ambulatory limbs) 
are still simple bud-like out^^wths. 

At a aomewhat later stage, the second antennae, whicli are very 
little shorter than the first, 
show the rudiments of the 
antennal glands at their 
bases. The mandible, in 
which the palp is wanting, 
is slightly bUobate at the 
tip ; the first maxilla is 
bilobate, and the second 
has incisions on its inner 
edge which break it up 
into three lobes. The first 
maxillipede also, which was 
simply truncated at an 
earlier stage, is now a 
short bilohed rudiment. 
On the other hand, the 
exopoditce of the second 
and third maxillipedes have 
become reduced, while the 
second and third ambula- 
tory limbs appear distinctly 
bi ramose. Further back 
are found the small trun- 
cated rudiments of the 
fourth and fifth ambulatory 

A Bimilar condition of the limbs is found in tlic I'alimirus embryos at later 
stages (Fig. 128). The iirst antenna (n') is siiuplc and nnjointed, nhile 
the somewhat longer second sntennik (a") shon-s tlie rudiment of a lateral 
branch. Tlie (irat maxilla (mx*) in triloliatp, tlie second bilol^te. In tlie 
two anterior inaKillipedes (ni/'. ni/^ as well as in the third ambulatory limb 
(1"), the exopodite is vestigial ; the third maiillipede (»>/"), on the contrary, 
and the Brat and second ambulatory limbs {!', O are proFide<l with largo 
eiopodites. The posterior region of tlie body contains the segments carrying 
the fourth and fifth pairs of ambulatory limba (t*, P), as well as the abdominal 
tqimenta il-6), aud ends in a cleft telson. 




Tlie last stages of emliryonic life already distinctly show the seg- 
mentation of the body characteristic of the P/ii/UoHoma larva. Tlie 
body falls into three sections, the anterior broadened section being 
still swollen by 
the food ■ yolk 
(iepositeJ in it, 
and carrying 
antennae, man- 
dibles, and 
maxillae. This 
is followed by 
a moderately 
broad region, 
consisting of 





branched pro- 

and the 

icond masillae 

(tix') to ehoTt 

ui^ointed stumps. The first maxillipedc in SryHarut is altogether 

lost, while in Palinurve it is retained in tile form of a much reduced 

The exopoditea of the second and third maxiUipedes 
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('"/"> m^'*) were similarly reduced at a still earlier stage. The 
segments carrying the fourth and fifth ambulatory limbs and those 
of the abdomen become less distinct. 

The youngest hatched Phyllosoma (Figs. 129 and 130) very closely 
resemble the oldest embryonic stages. The clear, transparent body 
is flattened out like a leaf, and divided into the three sections just 
described. The anterior (cephalic) section, whicli is usually ellipsoidal 
or oval in outline, carries at its anterior end the two pairs of antennae 
and the stalked eyes, while the Nauplius eye {oc) lies just above the 
brain. The mouth lies almost in the middle of the ventral surface, 
surrounded by the mandibles and first maxillae ; the reduced second 
maxillae {mx") have shifted further back. There is, in the Phyllo- 
ttoma of ScyWirus (Fig. 129), no trace of the first maxillipedes, 
whereas, in Palinurwi, these are present as vestigial prominences. 

The thoracic region (Figs. 129 and 130) somewhat resembles a 
broadened disc, and carries the maxillipedes and ambulatory limbs. 
The two anterior j)airs of these limbs (the second and third maxilli- 
pedes) in the youngest Phyllosoma of Scyllarus are uniramose and 
five-jointed, while the three anterior ambulatory limbs consist of six 
joints and carry exopodites. The rudiments of the fourth and fiftli 
ambulatory limbs, together with the segments to which they 
belonged, have almost entirely disai)peared. In the youngest Phyllo- 
soma of Palinnrus (Fig. 130), on the contrary, the third niaxillipede 
has an exopodite, and the fourth and fifth pairs of ambulatory limbs 
are found as minute buds. 

The thoracic region of the botly is originally simply joined on 
]K)steriorly to the anterior cephalic section. I^ter, however, the 
dorsal surface of the cephalic region grows back over the thorax, 
thus forming the dorsal shield, while the thorax itself gives rise 
principally to the "sternal plastron.'' 

The abdomen is a short, indistinctly -segmented, rudimentary 
appendage ending in two f ureal processes. Between these, lying 
at the posterior end of the body, is the anal aperture, which only 
secondarily takes up a ventral position through the fusing of the 
basal parts of the furcal processes. This j)osition of the anus recalls 
that described in Penaeus (p. 267) and Astacus (p. 157), and shows 
that the Phyllosonia, in the development of the posterior end of the 
body, has retained a peculiarity of an earlier larval stage (Protozoaea 
of Penaeiis),' 

The metamorphosis of the Phyllosoma consists in the appearance 
(or rather reappearance) of the missing body-segments and pairs of 
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limbs, and in a trrtnsforniation of those already present. The lirst 
nntenna becomes jointed and develops the rudiment of the atxteaoTy 
flagellum (Fig. 131), as well as the olfactory filamonta of the prin- 
cipal flogellum and the auditory organ in the basal joint. Tbu 
second antenna also (Fig. 131) becomes jointed, and, in the Phyll't- 
Koma of Seyllarut, already shows indications of the lamellate ebajie 
typical of the adult. In the mandible, a palp, at first simple and 
later three-joiuted, develops. The mnxillae approach the adult form. 
The first maxiliipcde aod the fourth and fifth ambulatory limbs 
now develop, while the penultimate ambulatory limb, as well as the 
second niaxilli- 
]>edc, develop atill 
further. From the 
basal joints of the 
max i 111 pedes and 
ambulatory limbs, 
the branchial 
rudiments now 
grow out. The 
abdomen becomes 
distinctly seg- 
mented, and sis 
piiirs of rudiments 
of pleopodn appear 
on it, the last pair 
participating in 
tlie formation of 
the caudal fin. 
Internally, the formation of diverticula leada to the development of 
the heiJatic tubes (/). This, in the Phylloeoma of Siyllarus {Fig. 
129), is commenaed by the development of tliree pairs of caecH, the 
middle pair soon showing secondary ramifications. The Phylloaoma 
of Paliniirus (Fig. 129), on the other band, shows, from the very 
beginning, richer ramificatiou of the so-called hejiatic tubes. The 
organs of the circulatory system are already, as Gbgenbadr has 
proved, of the typical Decapodan character. There is a heart pro- 
vided with three pairs of ostia, from which tJie arterial vessels 
proceed in a form characteristic of the Decapoda (Ci.tns, No. 6). 
The change of the Pkijllotoma larva into the young atuges of 
the adult form, which arc considerably smaller than the oldest 
Pbyllotoma, has not yet been directly observed. 
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The FKyUoaoma of Palinuriis is to be dtstinguialied from that of Seyllarv! b}' 
certua fectnres, aoiae of which have alreod; be«ii |ioiiit«d out. In the joangest 
Phf/Uaaoma at Palinitna, the second antenna ia shorter than the first (Fig. 130), 
but thia eonditioD is soon rvversnl (Fig. 131), and iienueforth the second 
satemift remains longer. In Scijllarui, on the other hand (Fig. 129), the second 
kDtenna is alwaja smaller than the first, and in later stages is transfonned into 
the lamellate organ. Again, the {irewnce of a rudiment of the first pair of 
maxillipedes ia characleristic of tiie Pkylloimna of Palmuriis, and so is the 
advanced deTe1of>ment of the maxilltpedes and ambulatory limbs in the 




jrouDgeet free stages. While it is in thia way not difficult to identify the 
Phyllotoma of Paiinuna, there yet remain many other FhyUosonia larvae, some 
of which are very remarkable fomis. which can only conjectni'slly and tritii 
nncertainty be referred to the diSercnt genera of tlie kmetlicorn Loricata 
(Seyllana, Tliamt, Ibacui, Partbacvs, etc., Richtbu«, Ko. 146). Among tliese 
last, Haswbll (No. 131) lias described a Phylloaonia probably belonging to 
Ibaai$. This author considers it to be a further ontogenetic stage of PItylloioma 
Dieperryi Ouerin, which belongs to Milne-Edwabds' group of the " Phyllosomes 
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liiticaudes." iu which the abdomen arises with a broad boas as the direct pro- 
longation nf tbo thorax. Richters, on the other hand, liaa coiyocturally 
Tefened the Brevicsiides to Ibaeus and PanltKUB. Fossil PhyUommii havv 
been recognised in the Solenliofen slates. 

F, ThalaBsiuIdea. 

The larvae of the Tlialassiniilen {Gehia, Calorarin, Calliatiasta, 

Calliaxis), known to us from the treiitises of ti. 0. Sam (No. 149) 

aud Clacs (Nos. €, 7, und 8), are allied to the Caridid larvae bv 

the sha|ie of the body, the poaaeasinn of a long rostral spine, ami 

the peculiar armature of tin- 

abdomen (wanting in Oehta): 

this latter coneiata of a lon^ 

dorsal spine on the second 

iuid shorter opines on th<- 

tbroe following abdomiiial 

segments. TLeir metainor- 

jihosis is, however, of speeial 

interest on account of the 

complete transition which 

they exhibit between the 

manner of developntcnl of 

the Cdriilide nnil that of the 

AiiouuiT.i and Brocliyunw 

Tht youngest larval stnge 
ut Ihbia (Fig. 133 A) i6i). 
jioaea wjiich is distinguished 
from the Zoaeas of other 
Macnira uhlefly by the fact 
that only the two anterior 
maxillipeJes (-«/, mf) func- 

linibs, while the third maxit- 
lipedes, as well as the four 
following ambulatory )imb«, 
are found ns rudiments devoid of sotae, the four anterior pairs being 
biramose, while the most posterior pair is still simple. The tiftli 
pair of anibulatory limbs, as well as the pleopoda, are still altogether 
wanting. The telson, which is not yet marked off from the sixth 
iilidominal segment, is a spade-slmped plate somewhat indented at 
ila posterior edge and beset with setae. The paired eyes, which 
are still immovable, recall those of the Anomuran larva, in the 




Km. laa.— T«o Urvsl iWgw of tfiMn Hdnmlw ( 
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■ecolid suMuni : ali-at, radilamits of the 
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tor)' llmtn : sr, Ksnpllli eyt. 
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great elongation of the posterior crystalline cones, causing the eye 
to project somewhat backwards. 

The My sis stage (Fig. 132 B), which results from the above through 
a transitionary stage, shows the fifth ambulatory limb as well as 
the rudiments of the pleopoda (except those of the first abdominal 
segment). The exopodites on the third niaxillipede and on the 
three anterior ambulatory limbs {mf-p"') are provided with setae 
and function as swimming limbs. The endopodites of these limbs, 
on the contrary, are still quite embryonic in appearance ; they are 
unjointed and have no setae. The telson, which has now changed 
into a long rectangular plate, has, at its posterior margin, a small 
unpaired spine and seven longer spines on each side. The lateral 
limbs of the caudal fin (a^) are already developed. 

In later* stages, the endopodites of the ambulatory limbs become 
more developed and the rudiments of pincers become evident on the 
first ambulatory limbs, while the exopodites gradually degenerate. 

The agreement between the metamorphosis of Gchia and that of the Anomiira 
consists in the form of the paired eyes and telson, in the biramose niaxillipedes, 
and above all in the condition of the third maxillipcde, which is first used 
as a swimming limb in the Myifis stage, while its endo^KJciite is still rudi- 
mentary. "While, in this respect, the larva of CalUaxis agrees with the Zoaeti 
of Gebiay the Zoaeac of Calliana^tsa and Calocaris agree with those of the 
Caridea, inasmuch as all the three maxillipedes hero function as biramose 
swimming limbs. 

As a contrast to the features which connect the metimorphosis of the 
Thalassinidea with that of the Anoniiira and Brachyura, the distinct develop- 
ment of the MyaiH stage in the former group should be jwinted out. This stage, 
which is characteristic of the Macruran metamorphosis, is, as we shall see, 
suppressed in that of the Anomura and Brachyura. 

The Zoaea of the remarka])le d(;ep sea form Calocaris Macandrcac is provided, 
like the other forms, with well developed paired eyes. The degeneration of 
these organs, which characterises the adult, takes place only after the Mysis 
stage (G. 0. Sars, No. 149). 

The Calliaxis larva (Glaus, Nos. 6 and 7) is distinguished ])y a curious 
ueck-like elongation of the cephalic region, w^hich causes a certain resemblance 
to Lucifer. Anoth(;r feature characteristic of this form, which was descriU'd 
by Brook (Xo. 107) as Trach-clifer, is the lengthening of the telson into two 
wing-like lobes bearing spines posteriorly. 

G. Anomura. 

The Anomura in their metamorphosis show a somewhat primitive 
condition, in which, in many respects, they agree with the Brachyura. 
In most cases the young leaves the egg as a Zoaea (Fig. 133 A\ 
in which, as in the Brachyura and a few Thalassinidea, the 
two anterior maxillipedes function as the chief locomotory organs. 
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The third pair uf iiiaxi Hi pedes is only present in a rudimentary 
condition (Fig. 133 0). The next ontogenetic stage which develops 
from the Zoaea (Fig. 133 B), imd wliich must be regarded as 
equivalent to tlie Myth stage of the Macnmi, alreftdy showa all the 
ambulatory liniljs and the rudiments of most of the pleopoda. 
The ambulatory limbs have no exopodites, and already approach 
their final shape. We ehall, in accordance with Glaus (No. 7) and 
in agreement with the siitiilaily'-ebaped stage of the firachyura. 
define this stage sa the Metazoaea. The characters of the Mym 
stage here seem suppressed. The Metasaaea must bo regarded as a 
trausitionary form between the Zoaea and the youngest adult form 
(Megalopa of the Brachyura). In one important point the Metazoaea 
of the Anomura is distinguished from that of the Brachyura, viz., 
the condition of the third maxillipede which here, though possessing 
a rudimentary endopodite, has a well-Ueveloped exogwdite functioning 
as B swimming limb, while, in tlie Metcuoaeit of the Brachyura, this 
limb still remains altogether rudimentary. This relation of the 
third maxillipede to the locomotory function is a link connecting the 
Anomura with tlie Caridea, in which the third maxillipede functions 
as a locomotory oi^an as early as the Zoaea stage (p. 272). We 
must consider this as a character of the Mi/sin stage precociously 
developeil, in which the Caridid Zoaea departs from the typical 
Zoaea, while in the Metazoaea of the Anomura it must be regarded 
as a last vestige of a lost Mynia BtHge. 

The development of the Anomura has recently been described in 
detail by G, O. Sars (No, 150), while fragmentary notices concerning 
it were published earlier by Ci^us (Nos. 6, 7, 8, and 113), SrSNCB 
Batk (No. 98), Dohkn (No. 120), Faxon (No. 126), F. MOlmb 
(No. 140), Suite (No. 152), and others. The development of 
Eupagurm Bernhardua may serve as a type. 

The Zoaea of Eupaijurut (Fig. 133 A) has a somewhat compressed 
body, and is chiefly remarkable for the shape of its dorsal shield, 
which runs out anteriorly into a long rostral spine, but is deeply 
indented posteriorly, the indentation eejtarating two points which 
are directed backwards, A similar form of dorsal shield is found 
in all Anomuran larvae. The short, stalked, and as yet immovable 
paired eyes are remarkable for the posterior projections already 
described in connection with Gehia (p. 284). Between them the 
Nauplius eye i^an be recognised. The two anterior abdominal seg^ 
uienta are covered by the dorsal shield, the sixth abdominal segment 

not yet marked off from the telson. The postero-dorsal i 



of the iatermediate segmenlA of the abdomen arc Berrated. The 
telaon is slightly cleft (a condition which reappears in the Brachyura) 
and is armed on each side with six aet&e. The finit antennae (a') 
are simple and unjointed processes with setae at their tips. In the 
second antenna (a"), Uie utgointcd endopodite is still continuous with 
the protopodiU, while the small exopodite with setae on its inner 
side is already separated. The mandible has no palp. Behind the 
two pairs of maxillae there are two pairs of biramose swimming 
maxillipedes (nif, n^f"), while the third pair (Fig. 133 C) is to be 




found only in the form of a very small two-jointed appendage pressed 
gainst the ventral surface. The five pairs of onibulatory limbs and 
the rudiments of the pleopoiU are still altogether wanting. 

In a later stage, known as the Metazoaea (Fig. 133 B), which 
still resembles the Zoaea in appearance, the rudiment of the third 
maxiUipede {ntf") has developed further. It has a two-jointed 
exopodite beset with setae, which, like the exopodites of the pre- 
ceding maxillipedes, functions for swimming, while the indistinctly 



sefjmented endopodite, still devoid of setne, appears rudimentary and 
fuuulionless. The same character ie shown by the rudiments of tiif 
four pairs of ambulHtory limbs which follow (p'-p'"), the largest of 
which are those of the first pnir, and show diftinct rudiments of 
pincers. A sitnilnr very small rudiment is also carried by the fifth 
thorooic segment {not visible in the figure). In the abdomen, the 
separation of the ais.ih abdominal segment from the telson has taken 
place ; we still find uo rudimonta of pleopoda on the second abdominal 
segment to the fifth, but the rudiments of the sixth pleopod («•) 
appear higlily ileveloiwd. The exopo<iite is specially apparent as u 
setiparous plate (Fig. 133 D, a), while the endopodite is a small 
prominence and is nut yet separated from the protopodit«. The 
middle plitte of the caudal fin, the telson, is long and truncated, 
while the indeutAtion evident in the earlier stage has disappeared. 
The antennae and mouth-parts have also developed further. On the 
first antenna (Fig. 133 B, a') we now find the short rudimenta of 
the two flagella, in the second antenna [a") the endopodite is cut 
off from the ptotopodite, and is eoniniencing to break up into joint* 
the mandibnlar palp (l) has grown out as a short stump. 

The young stage coming from the Melazoaea can be compared 
with the Megalopa of the Brachyura. It already, in all essentinls, 
resembles the adult, except that the eyes are still comparatively 
large, that the abdomen and its limbs have not yet undergone the 
degeneration characteristic of the adult, and that the asymmetrjcxl 
development of the body is not nearly so marked. The aMomen is 
not yet spirally twisted, but is symmetrical, consisting of six well- 
marked segments, on which (except on the first) pleopoda, provided 
with long swimming setae, are fotmd. In the caudal Tin, as well as 
in the pincers of the first ambulatory limbs, a certain degree of 
asymmetry is already evident. The scales of the second antennae 
have been east off, the two flage! la-rudiments on the anterior ant«nna 
liave increased in size. The young forms following u|Kjn this stage, 
in which the asymmetry is still little marked, were classed together 
by M. Edwards under the name of GlaiKolhor.. 

The laetikmarplioaes of Spieopagurua and of OalaOita agree in alt esstuitiat 
poinla Willi that of EiipaguTus. The Zoatar of Spimpagurus arr di!>tiiiguishcd 
from those of Supagarux by the form of the telsan, wliicli bui no posterior 
iDciaioD. The larvae of OalaUua, wliich so uloselj resemble Uidw of £«paffunu 
u often to be confounded witli tliem, can be rccagiii^ed by the presence of nuall 
teetli un the tn-o posteriorly directed points of the dorsal shield (tf. aeverkl 
larval forms belonging here and described by Spencs B&te, No. 100, M 
Zoealoeariti. 
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III individual casM, the metBU>or|>lioaU ia slightly abhreriated, the larvae 
fint hatching aa Slettaaaeae. This is tlip caao in Oalathodes aiid in the genus 
LUhoda, whicli is cloaely related to thr Pagaridae. Id both these forms, the 
eggs are coniparativelj Urge, and the escaping larvae take nitb them into 
larval life conaiderable masses of yolk, at the ex|>en3t^ ul whicli 
their farther developnient is accomplished. In conacquenco of this, 
the mouth-parts of Ontathodea (like thaac of Palatmrni Poliiina, 
mentioned above, p, 274) remain for some time in a remorksbly 
undeveloped condition ; they are tnincateil and have no setae. In 
both these forms, the development of tlie sixtli pair of plDopoda 
(nropoda) ueem to be retanird as comjiared with that of tlic 




other alidomiiial limbs. A much greater reduction of the mctii- 
morphosis is found in Birgui latro, if the ataCement of Willf.kokh- 
SuaH, which rents on the reimrt of a Haberaian, is estnblinhed, 
according Ut which the young of tliis species li^avc.i the egg in a 
form very similar to that of the adult. 

The larvae of Miiiiida, whoM metamorphosi 
pointg agrees with that of the typical i 
aliove, are di^tiri^islicd by a greater develop- 
ment of the spines. The roatrum exceeds in 
length the rest of the dursal shield, the two 
posterior tips of the latter are drunii out into 
long spines, and the ileeply-cli'ft telson also 
rnns ont into two long spiiiDus processes. 

An excessive ilevelopment of spines is found 
in the Porallaiui larva (Fig. 135), which lias 
long been known na Lonehopltorat{Tiifi'U\n:KOlz), 
whose development, excluding older accounta, 
has been made known by Ml'I.l.nu (No. 140), 
DoHRN (No. 1^1), Clai-m (No. 8), KA.tos (No. 
IW), and 0. 0. Sahh [No. ]60,i. The fmntal 
spine is here of quite iinusnal length. The tno 
lateral spines ulso, which end like books and 
rnn out posti'rioily. are of considerable length. 
The telson ha.s here no posterior incision, but 
is a rhomboidal plate. In a few jiointa, the 
metamorphosi a of PorceUana approaches that of tho crabs, viz., in the position 
of the abdomen, which is ventrally curved, and in the order in which tlio 
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limbs bud nut, which ia (iiHtiiigiiisiitcl by tlie fuct tljat Uil- third pair of 
maxillipedc!! develops aiinaltaneously with tbc nidimeuta of the ambalfttocy 
limbs (Fig. 135, mf' and p). The iileopoilii oC tlie Kecond. third, and fonith 
abdominal Begmentu are tiie first to appear, nliilu tboio of the fiHb Mgnient 
aud Uia lateral appendages of the caudal fin only develop at a Ut«r period. 

The development of the sand erahs {Bippidae, Fig, 134) also, which was 
made IcDotrn by the treatises of F. Mullrr (No. 16), Clavs (No. 8), SiDWir 
SuiTH (No. 1S2), aud W. Faxoh (No. 126), bears a general resemblance to Uiat 
of the Anomuro, although in Uiia case, as in Porcellana, there an muij 
miggestions of the Brachyuran aUinitiea. The youngest stsf;?, described by 
W. Faxon for Hippa talpoida, is a Zoaca, ou whose dorsal shield only tha 
rudiments of the lat«r spinous processes can be recognised. The abdomen wldeli 
ia Tentrally Hexed has the first segment still indistinctly marked oGT from tJie 
thorax, and the sixth aegiuent fused with the Iclson. The latter plate ia toothed 
and rounded posti>rior!y. The rudiments of the two antennae, the maiillat, 
and the two onteriar maxilli[iedeB used, as swimming limbs, are present, while the 
third pair of msxillipedcs, as well as nil the following limbs, are still altogether 
wanting. From this atago proceeds the Melaaaca observed by SiPtiET' SMITH 
(Fig. 134), which shows tho rudiments of the third jair of majillipedes [mf"\ 
and tbc four anteiior ]iairfl of ambulatory limbs (p'-p'^). The fifth pAirdevcIa]* 
smuBwhat later. Tlio third pair of maxillipodi's is not used as a locomotoiy 
organ, although it fiinations in this way in the larva doH^ribvd by CUits and 
referred by htm to Albuiua (No. 8). In tho Hippn larva, the dorsal spine of th« 
cephalo-tliorai, so uhavaet eristic of the Braobyuran Zoacat, ia wanting. On the 
other hand, a long, anteriorly -curved roatmni devclojis, as well as the lateral 
posteriorly-directed spines which occur in all Anoniura. From the ilelastata, 
after several moults, there comes a Megalopa very like tho adult, being cluefly 
distinguished from it by the comparatively large siie of the eyes nod tlie 
presence of strong Itiramose swimnicrets on the five posterior abdominal segment*. 

The larvae of the Aptenira (/>rointa, Bomola) also, descrilied by Boas 
(No. !04) and Goubrbt (No. 130), are nearly allied to lliosc of the AnnmariL. 
Unlike the Bniubyui'an Zoata, the third inaiilli|icde in them has an exopodila 
which functions for swimming ; in Dromia, indeed, there is a similar eiopoijit* 
on the first ambalatory limb, this being a morn distinct indication of ft J^ii* 
stage than is found in the Anomiira. In the shape of the dorsal shield uid of 
the alidonion, which is provided with two pairs of biramosu ple»[>oda, the 
Aptei'Urin larvae agree with the Anomura.* 

H. Brachynra. 
Most Brachyura leave the egg in the form of ti Zoaea which variea 
very little in appearance throughout the group (Fig. 136). Tha 
compact and usually oval body is, aa a rulu, eharaiiterised by tha 
regular development of spines.t There ia a frontul spiue sloping 
downwards and forwards, a dorsal spine risiug from the centre ot 

' [The Anomuran Decapoda were formerly divided up into the Pterygura and 

the Apterura. Of these tho fomier (by far the larger group} are now ctasaed 

by BiBBBiMn with tlie Macrura as the Anomalous Macrura, and the latter, 

comprising the Drominea and Ranininea, as the Anonialoui Brachynra. — Ed.] 

t Weluon haa painted out the aisnlficance of these s|anes in checking n 

— ■ '- '- directions. Joam. ilar. Biol. Aaoe., N. 8., Vol, i. 
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the dorsal shield and sloping upwards and backwards, and a pair 
of lateral spines at the posterior lower angles of the shield which 
slope outwards. At the anterior part of the body, the large, short- 
stalked lateral eyes rise from broad bases; between them lies the 
Nauplius eye. The movable abdomen which is used as a rudder 
for steering, is ventrally flexed, and consists of five free segments, 
while the sixth still appears to be united in one piece with the 
telson. The posterior thoracic region, which later bears the 
ambulatory limbs, appears in the Zoaea very little developed. It is 
quite short and rudimentary, is hidden under the dorsal shield and 
shows either no indications at all of limbs (perueopoda), or only short 
truncated rudiments. In the last case it would perhaps be more 
correct to call the stage at which thi* larva leaves the e^<^ the 
Metazodea, 

The seven anterior pairs of limbs arc present in the Zoaea, well 
developed and functional. The antennae are distinguished by great 
simplicity of shape. The first antennae are short, unjointed processes, 
at the ends of which only a few setae develop (in the youngest stage 

of Carcinus 
maenas only 
two (Spbnce 
Bate)). Tlie second antenna consists 
of a protopoditc which often growls 
out into a very long spinous process 
(Fig. 137 B, e./:), which is seen less 
strongly developed in the Anomuran 
larvae (c.f/., Kapagiu^s). Another 
spinous process clothed at its end 
with setae must be regarded as the 
exopodite (squamo, st). The endopodite 
(rudiment of the future flagellum) is 
at first altogether wanting, but soon 
appears in the form of a small prominence which glows out between 
these two spinous processes. The mandible still consists exclusively 
of the masticatory blade ; the mandibular palp is altogether wanting. 
The maxillae already show the structure typical of the Decaix)tla 
(Fig, 137 Z) and E), The protopoditc of the first maxilla has two 
masticatory blades turned inwards and provided w^ith setae, and a 
two-jointed palp (endopodite). On the second maxilla there are 
four lobate masticatory processes on the ])rotopodite, two occurring 
on each joint, an [endopodite also divided up into lobes, and an 




Fio. 136.— Zoafta of Thia jiolita (after 
Clauu). wtT, UrMt inaxillipede ; 
m/^, flccoiicl inaxillipede. 
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exopoflite Jeveiojied as a respinttory plate frin;^ed iirith aetae. TIil- 
two anterior maxillipedes (Fig. 136, m/', mf) have developed as 
biraraose swimming limits. The endopoditc of the first niaxillipede 
has four joints, while that of the second maxillii>ede is more rudi- 
mentary and uaunlly consists of three sliort joints. The exopodites 
(flugellate branches) have long swimming setae at their ends. Thi- 
rudimenta of the succeeding liinba (third maxitlipedcs and first five 
ambulatory limbs) seem entirely wanting in the youngest Znaea of 
many Brachyura {^g., in Pianixa, W. Faxon), in other cases some 
or all of them appear as short, trunnated outgrowths {Mnja, Inaehtu). 
The pleopodft are still altogether wauling. The abdomen is generally 
distinguished by a ilefinite development of spines, the second segment 




having a pair directed anteriorly, and the three succeeding segmenls 
each having a pair directed posteriorly. The tclson, as a ride, lias a 
characteristic forked form, and is produced out laterally into a long 
spine. On the inner side of these two processes on the telaon thero 
are, in most cases, three strong setae. 

Tho form of the Btaubyiirmi Zonca imdergoM, in isoUtwl cases, rmiation* 
rrom the tyjie hcio desLTlIwd. wliich a™ ohieCj coiinrcted with the devcl(i|>- 
nient or the s])iiiaua procewes and tlio fomi of the telsan. In aeliaimut. Sat 
inslAiicc, the s[iiiiouB ])ri>ce99eB of the dorwl alijeld are uniuusUj short, [n 
Achaeua, there is no rrnntsl spine, hut a short dorsal jpine is retained. In 
IniKkiu ahn> the frontsl spina is wanting (Cuirs, No. 8 ; OocBBlT, No, IJO). 
Id iliija (Couch) and in Eitrynamt (Kikabav) nil the spinous \ 
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wanting. Claus, however, has described the presence of a long frontal spine 
on the Zoaea of Maja. In a krva described by Dohrn (No. 121) as Fissoearis, 
which has a long frontal spine and two pairs of lai'ge lateral spines, the dorsal 
spine is wanting. In other cases the dorsal and lateral spines may be exceed- 
ingly long, and may end in balloon-shaped swellings. Larvae thus provided 
with lateral spines projecting backwards were described as PhUeocaridae by 
Claus (No. 8). A Zoaea form distinguished as Pteroairis is remarkable for 
the wing -like elevations of the lateral parts of the cara^ioce, and for the 
transversely-broadened form resulting from this. 

Many of the Zoaeae of the Brachyura are distinguished by the great develop- 
ment of the spinous process on the second antenna ; e.g., those of Xaittho 
rivulostis (GouKUET, No. 130) and of Panopeua Sayi (W. Faxon, No. 125), 
in which this process equals in length the long frontal spine. 

When the youngest Zoaea leaves the egg, it is not altogether free, but 
appears surrounded by a somewhat loose and detached larval integument 
(p. 119) ; this has been claimed by Conn as the cuticle of the Protozoaea stage 
]MSserl through during embryonic life. Only after a moult, which usually 
takes ])lace early, does the Zoaea become free. A similar condition is found 
in many other Decapoda {c.g.^ in all Anonmra and many Macrura). F. MOller 
(No. 16) has pointed out the morphological interest of a study of this larval 
integument, the form of the tail in this youngest integument in AcJiacus, and 
I)erhaps also in Maja, recalling that of the slirimp larvae. This larval cuticle 
was utilised later by Paul Mayer (No. 137) in an attempt to derive the different 
forms of telson and for phylogenetic purposes. More recently, further investi- 
gations with regai*d to it have been made by W. Faxon (No. 125) and Conn 
(Nos. 114 and 115). The spinous processes of the dorsal shield are always 
wanting in the larval integument, but are often present as rudiments beneath 
the cuticle, withdrawn in a telescopic manner. While, in the group of the 
Grajisoidea {Sesarma)^ the larval integument, apart from the spinous jtrocesses, 
is a fairly true cast of the Zoaea which proceeds from it, in most other 
Brachyura it shows no inconsiderable deviations from that form. The antennae, 
especially, api)ear in the larval integmnent in a higher degree of development. 
The first antenna consists of a protopodite and two terminal branches provided 
with setae, one of which is of considerable length. The second antenna is 
specially remarkable for the presence of large processes provided witli setae 
on the exoi>odite. In the [wsterior region of the body, the caudal fork is usually 
characterised by i)ossessing seven feathered setae on e*ich side. The number 
seven seems to be typical in the setae of the telson throughout the Decapoda, 
and renders the study of the hatched Zoaea before the casting of the larval 
integument a valuable aid in tracing back the sha|>e of the telson, which often 
varies in a later stage, to the fundamental form already described (Paul Mayer). 

The series of ontogenetic stages which follow after the Zoaea 
have usually received the same name, but have been more suitably 
called Metazoaeae by Claus (Xo. 7). They do not, in general shape 
{ef. the somewhat younger stage, Fig. 138), entirely resemble the 
Zoaea^ but are distinguished by the greater development of the 
limb-rudiments. In the first antenna (Fig. 137 ^4) there is now an 
unjointed protopodite showing the rudiment of the auditory organ 
as a vesicular swelling, and two rudiments of flagella, the inner still 
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being short and uiijointc'd, wliUe tlie outer flagalluiii. beset at itn 
end with olfactory tilnmeiits, has broken up into short rings. Tho 
second antenna (Fig, 137 B) has the rudiment of the flngellum 
(endopodite) greatly dcveloi>ed; but the softer portions have with- 
drawn from the spinous process and the exopodite as a sign that 
these appendagea will be lost in the next monlt. On the luandiblt! 
((7), a fiuger-shaped and still nnjointed mandibular palp has developed. 
The two maxillae (D and £) have undergone uliangea which are 
comparatively alight, while in the two anterior maxiUipedcs the 
oxopodites are divided up at their endi into short joint?, imd seem 
beset with nunietous 
swimming setae. The 
. nidimeuts of the third 
pair of niaxitlipedea 
e five ambulatory limbs 
, IV-VIII) are already 
conapiciioua, They, however, have 
no clothing of setae and are stUl 
functioniess, being carried closely 
pressed o^'ainst the sternal surface 
of the Ijody, These nidimenU 
develop gradually, hut always in 
tho direction of the form of the 
adult appendages. The third max- 
illi])ede thus soon shows nil tlie 
parts of the future limb, a two- 
jointed exopodite aud the bmuchial 
appendages, which also develop on 
the three following pairs of limhs. 
The most anterior pair of ambu- 
latory limba with their pincers 
develop greatly. On the abdomen, 
the pleopoda have now developed 
as indistinctly two-jointed append- 
ages, while the sixth jmir ai'o atiU simple stumps. An exopodite 
does not develop on the*Bnibulatory limits. The Myin» ilaije it thv* 
tuppretned in the metumorp)wng of the Bradnjiira, and it replaetd 
bji the Metazoaea Hage. This is an interesting ease of simplification 
of the course of development. 

The Metazoaea pasaea into the young form of tho Braehyuran ■ 
known as the Megalnjiti (Kig. 139 A and B), which brings alwut the 
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tranaitioD from the Bwimming to the creeping manner of life, and in 
the most important points of its segmentation already agrees with 
the adult. In the condition of the abdomen, the Megalojia is some- 
what on a level with on adult Aiiomuran Decapod. The anterior 
part of the body with the limbs already shows the typical Braehyuran 
character. The youngest Megalopa stages, however, still in most 
cases carry on the dorsal shield traces of the former Zoaean spines 
(Fig, 139 A). The limbs have now attained their final shape; 
the maxillipedes have lost the locomotory function and are com- 




paratively smaller. The ambulatory limbs, on the contrary, liave 
developed greatly. The abdomen is still stretched out backwards, 
and shows the pleopoda as swimnierets provided with long setae ; 
these consist of a basal joint and an oval terminal plate provided 
with setae (exopoditc), while the quite short ecdopodites furnished 
with small hooks, as retinaculn, serve to connect the right and left 
swimmeret, and consequently bring about a simultaneous movement 
of the two limbs. The forked telson of the Zoaea has changed 
into a rounded caudal plate. 



CRUSTACEA. 

The different Brachyuran Mrgatoii-if hIm. aliow variations ii dsUiU, tliis* 
leading to the fonuBtioD of distinct genera liy Daka (Mareitia. UotwUpu, 
Cyllate, rnVoSo}. The youofiBat Mtgiilopa stages of different forma v»ry witli 
r^^rd to the remains still to 1>e Touud of X\\k Zoaean s[iiim. While theM ore 
■till to a conaidsrable extent retained in fnrcin«» vuinta$ (Si-i.vck Batk, 
No. 97), they are, in other caaee, more defcruerate, and may even [Forttttnai br 
altogether wautinK iu the youugeiit ilegnlofi wltich de«elojw froiu tlia UetaoMat, 

The Megaloi>a passes gradually through several moults into the 
final form (Fig. 139 C). Tlie changes during this period, which wew 
described for Gircinus inaena» liy Biiook (No. 106), are chiefly iu 
the ahapG of the dorsal shield and the degeneration of the abdomen 
typical of the Brachyura, this part of tlm body being from this time 
curved ventrally and applied to the tliomcic sterna. 

While, iu by far the greater numhcr of Brachyura, metaiuiir[>hoaia Uit(» 
the coanw described above, it undergoes considerable abbreviation in Jndividua] 
cases, by tlic 8U|ipre9sion of certain stages. An interesting exain[ile of tllia is 
found in Piimixa, wliera 
the Utiatoata stage, at 
the last uioult, givM ri»e 
direct to a young crab, 
the .Vf'ni'D/ia stage being 
outirely itanting in this 
form (W. pAios, No, 
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The I 



inU^ 



'taniorplioais of 
id and freali- 
)is apiieurs ab- 




Pin, Kn.— Vnuiigast lUge hatching fraiii Uic tin <il Itlpkiu 
jhHFldfUO (ancr HEacAHTi). J, dam) aapeel. R, lateml (No. 156) sUtes that 
•"P""" tliB yonng of a species 

of Ocamima leaves tbe 
egg in H condition which, apart Troni the want of pleoiioda, altogether resemUea 
that of the adult, Tboui'hun, on the other hand, found that, in other qieciea 
of Qfeaninui, the young hatch aa Zoatue. This is alao tlie case vilh other land 
crabs (fietfpoda, OtUaimiu) ; it tliererore appears that, in itjost urabs that live oa 
land, metaniorphoais is not abbreviated, and that the young Zoatiu are hatched 
in the sea, a fact uounected witli the regular migration of tbe land eiaba to the 
sea-sliore (F. Moller, No. IB), 

The abbreviation of metaniariihosia iu fresh-water crabs ( Trutiodaetylut, 
F, HDllkr, No, 143 ; Dilocartinia, GiiLni, No. ISO ; Teiphuna, Mkrcaxti, 
No. 13B) ia, on the other hand, in agreement with what is known of other 
froih-watcr Decapods (<.?,, Palaenumetf, Aitaaa, Ao.), The young (Fig. 110) 
here leave the egg in a form already gi'eatly nweinbling the adult. The eyn 
•till appear comparatively large, and the cephalo-thorax, on account oF tbe 
presence of food-yolk, is much swollen. Tlie abdomen has no pleopoda. In 
Dilocanivna, the segments of the nlxlonien are still quite distinct, and do not 
jretsbow the fusion ehanuteriatio of the adults 
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11. Stomatopoda. 

The Stomatopoda are a branch of the higher Crustacea which 
very early separated from the common Malacostracan stock, and 
which retain in their organisation very primitive features, side by 
side with peculiar developmental forms. Among the former we 
may reckon the long dorsal heart provided with many pairs of 
ostia, and the condition of the dorsal shield which covers the 
segments carrying the maxillipedes, but does not fuse with them. 
Another primitive character is perhaps found in the presence of ten 
pairs of segmentally-arranged hepatic tubes, some of which belong 
to the abdomen. The position of the more important organs (hepatic 
tubes, genital organs, heart) in the large abdomen is a distinctive 
characteristic of the Stomatopoda, as opposed to other Malacostraca, 
in which this region of the body serves almost exclusively as a 
muscular locomotory organ. 

On the other hand, the metamorphosis of the Stomatopoda shows 
peculiar characters, although it cannot be denied that it has a 
certain ontogenetic tendency in the same direction as that of other 
Malacostraca. In spite of the important treatises of Claus (No. 86) 
and Brooks (Nos. 83 and 84), our knowledge of the metamorphosis 
of the Stomatopoda is still somewhat incomplete, especially with 
regard to the first stages which hatch from the egg, and the con- 
nection between the larval forms, that often vary greatly, and the 
sexual animals to which they belong, these last differing less from 
one another than do the larvae. A general distinction may be made 
between two types of larvae which, however, are connected together 
by intermediate types; these two were formerly classed as separate 
genera under the names of ErichthtLS and Alima, Of these two 
forms the EfHchthus shows the more primitive metamorphosis, so 
that we shall describe this larva first. 

The youngest known stage of the EricMhus series, probably the 
one at which the young animal leaves the egg, is called the 
EridithouUrm. The youngest larva known (Fr. MOllsr and Glaus, 
No. 87) is 2 mm. long, and is seen to be divided into three regions : 
(1) an anterior, unsegmented cephalic region which carries the eyes, 
antennae, and mouth-parts, and gives origin to the fold of the dorsal 
shield which projects backwards; (2) a middle thoracic region hidden 
under the dorsal shield and consisting of eight segments, the five 
anterior carrying Copepod-like biramose limbs, while the three 
posterior segments are limbless; (3) a posterior region in which 
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Ibe etilJ uiisegnieriteil abJomeii is ileveloped in tlie form of a flat 
caudftl plate. The spines of the dorsal shield recall tho Protoxoara 
stage of Luei/er. There ia & long, forwardly-direuted rostrum, a 
short, unpaii'cd lupdian spine projectiug haiikwards from the posterior 
B of the dorsal shield, while, springing from the sides, tire two 




long postero-lateral spines (Fig. 141 A). Besides Uie Natiplius tye, 
the paired stalked eyes are found on either side of the rostrum below 
the dorsal shield. The two pairs nf antennae ore still sliort and 
uniramose. The mandible has no pidji, imd tlie two pairs of maxillae 
are present in a very rudimentary condition as small lobes. The fivB 
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imirs of swimming limbs which follow (Fig. 141, I-V) are biramose, 
and provided at their ends with setae ; these appendages correspond 
to the five jwiirs of maxillipedes found later, while the next three 
limbless segments {6, 7, <^) carry at a later stage the biramose 
ambulatory limbs. In the stage now under consideration, all the 
thoracic segments are quite distinct, the five anterior ones being 
provided with limbs, while the abdomen is still unsegmented. In 
the following stages, the aMominal segments apjiear in regular 
order, as also do the pleopoda belonging to them, while still 
no trace of limb-rudiments can be seen on the last three thoracic 
segments. It results from this, that, in the Stomatopodan meta- 
morphosis, the primitive order of development of the segments 
(from before backward) is retained, whereas this order is broken 
through in the formation of the limbs by the belated apj^earance 
of limb-rudiments on the three posterior thoracic segments. 

In the next stage (3 mm. long, Fig. 141 A), the first abdominal 
segment is marked off, and the rudiment of the first [)air of pleopoda, 
still devoid of setae, arc already to be seen on it (a*). In the first 
antenna, the rudiment of an accessory flagellum can be recognised 
as a short conical process. The five pairs of swimming limbs are 
also modified. In the second swimming limb particularly, the 
endopodite has enlarged as the rudiment of the future raptorial claw. 

In the next stages (Fig. 141 B and C% the different abdominal 
segments and their limbs continue to appear in regular order. The 
anterior pair of pleopoda are already developed as biramose lamellate 
appendages furnished with setae, while those of the posterior 
segments are more rudimentary in shape (a^-a®). Even the sixth 
pair of pleopoda (a®), which later attains great development as 
lateral limbs of the caudal fin, is no exception in this respect, but 
develops last and in a shape exactly resembling the other pleopoda. 

Meantime, the limbs of the anterior portion of the body, especially 
those of the maxillary region, undergo important alteration. In the 
anterior antenna (Fig. 141 i>, a), we can distinguish a three-jointed 
protopodite, a short exopodite beset with olfactory setae, and a longer 
inner branch (the rudiment of the accessory flagellum appearing at a 
later stage). The second antenna, besides a fan-like plate which has 
developed on its extremity, shows the bud-like rudiment of a 
flagellum. Whereas the mandible is still for a long time without 
a palp, short rudiments of palps have already appeared on the two 
maxillae. The two anterior maxillipedes (Fig. HI B, C\ />, /, //) 
change in the direction of their final shape; the exopodite which 
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serves as ii swiiiiuiing organ degenerates iin<l finally altogetlior 
disappears. The endopodite of the first maxillipede remains com- 
paratively small, and gradually develoiw the rudiment of a small 
prehensile i^law at its end. The eudopodite uf the second maxillipede, 
on the contrary, early develops into a 
powerful, elawed raptorial limh. On tihe 
basal joints of both these limbs the 
rounded epi]>odia1 plate^ which are still 
without setae, appear Bimultaneously. 
The three /olloiviitg pairs of biramom 
limlm jtieaiitinte underijo att utitisuaOj/ 
infei-cstin;i process of degeueraliov, by 
which their trunaformation into Uit> 
adult form is introdueed. Here also 
the exopodite gradually vanishes, but, 
in addition, the endopodite Ifcconies au 
unjoinlod rudiment witiiout setae, out of 
which, only in later stages, is produced 
the adult limb ending in a short pre- 
hensile claw. Indeed, the degeneration 
of these three limbs may gu so far that 
they dinajqiear aliogelher, only to re- 
appear in later stages simultaneously 
with the rudimente of limlw of the 
three following thoracic segments (sistb, 
seventh, and eighth thoracic scgnienls). 
In the latter ease we have a larva which, 
in the possession of the seven anterior 
pairs of limbs and the absence of the 
six following thoracic liuibs, shows a 
certain agreement with the Zotiea of 
other Malacostrnca, and wliicli has there- 
fore been called the PeeudozcKu^a of the 
Stomatopoda (Fig. 143). This larval 
type, first described by Kb. MUllbr, 
chiefly occurs (Ci.auh) in the larvae 
hnuif'hui ruiiiiuBiiu. ' " belonging to the genera PseudoequiUa 
and Oonodactijtuf. which were described 
by Brooks as l'»eitderiehthu» and Goneii'rhtlmt ; it is, however, 
also found (BtiouKs) in the ontogenetic »ieries {Lynoeitchthtu) of 
the genus l./jtioequiHa. 
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Later stages, vhich are distinguished by the transform a tion of the 
sixth pair of pleopoda into the lateral appendages of the caudal fin, 
bring about the transition to the actual Eridithue stai/e (Fig. 143), 
the three posterior maxillipedes gradually reappearing and the 
hitherto missing pairs of limbs of the last three thoratic segments 
growing out as buds. When the rudiment of the rounded prehensile 
claw con be recognised on the last three maxillipedes, and the three 
posterior thoracic appendages are seen as rods which soon become 
biramose, the Eridithus stage appears to be reached. Tliis stage 
thus possesses all the limbs of the adult form. The transition into 
the sexually mature form is accomplished very gradually, the 
abdomen continually increasing in size, and the branchial filaments 
(hr) growing out on 
the exopodites of the 
abdominal limbs. The 
larval forms which bring 
about this transition to 
the sexually mature 
animal, when exhibiting 
broad and compact 
bodies and retaining the 
appearance of the Erich- 
thug, are known as 
SqnUlerichthm, while 
certain ontogenetic 
forma which, even in 
the ErichlhiAdina and 
Erichthu* stages, are 
remarkable for their 
slender bodies, pass from 
the latter into a S</uiUout 
stage (Claus) which 
more nearly resembles 
the adult form. 

A seuoud Stomato- 
podan ontogenetic series 

consists of the AUma fonus. Those larvae (Fig. 144) lire distin- 
guished by their great size, the length of the body, and the broad, 
flat ceplialo- thoracic shield, which usually does not cover the 
posterior thoracic segments; further, by the position of the mouth, 
which has shifted far back, and by the slight forward extension 




143.-Sqnillold Urn (•o.callnl fKiid'isinrn), antt 
irx, a\ Hnt inMnnil: a", »<rnn<l atiteniiBi /. //, 
ituiil ■Hond nunlllIpeilcB ; rp, cplpocLial apprmSBgi; 



302 



CBVMTAf 



of the ehielil, owing to which the basi-s uf llie eye-stalks ap|>cai to 
be covered by the rostrum only. None of these features, tak«ii 
alone, is to be relied upon in distiuguishing between tlie AUjtia 
and the Eriehlhua, since forms ere known wliich, by ibe anterior 
position of the nioulh and the covering of all Ibe thoracic segments 
by the dorsal shield, show affinities with the ErieMhti*, wliile, by 
the uncovered condition 
of the eye - i^talks and 
the flattening of tlie 
cephnlo - thorax, they 
show Alima charact«r- 
intics. Such transitioii- 
ary forms have been 
called Alimerieiithut. 

The youngest known 
Alima stages (Fig. Ii4) 
probably correspond to 
the Pseudozoaea de- 
scribed above in connec- 
tion with the EridithuB 
series. Tlie anterior an- 
tenna already shows thtt 
rudiment of the acces- 
sory flagelhim, while in 




the 



ntennn, 



uUllpedei 



which cnil« in an oval 
plate, the rudiment of 
the flagolium is emi 
wanting. Tiie first pair 
of maxillipedes (/) ore 
long and palp-like, while 
the second pair (//) have 
n pieopoita. " ' already assumeil their 

final form as prehensile 
organs. The three following pairs of maxillif>eilc9 (III-V) as well 
as the three pairs of hiramose ambulatory limbs are entiiely wanting, 
The segments to which these latter belong may still be indistinctly 
marked off. The four anterior pairs of pleopoda are well developed, 
while the fifth and sixth abilomina! segments are still but slightly 
developed aa limbless rudiments. It appears that the Alima 
leaves the egg in the form just described (cf. P. MAVSit, No. 138, 
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p. 219) ; the metamorphosis of the Alima series would thus appear 
abbreviated by the suppression of the Erichthoidina stages. The 
further course of development in the Alima form agrees with that 
in the Erichthus forms. 

The connection of the various ontogenetic fomis with definite genera and 
species of Stomatopoda can hardly be accomplished on account of the difficulty 
of obtaining continuous series of stages. It must, however, be considered 
probable (Brooks, No. 84) that the Alima and Alimerichfhus forms represent 
the larvae of the genus Squilla. AV. Faxon^ at least, succeeded in producing 
from an advanced Alima the young stage of Squilla empiisa. BiiooKS believes 
that he can recognise in Alimcrichthiis the larvae of species closely' related to 
Squilla microjihtlialma. Still more difficult to decide is the question in what 
way the Erichthus fonns which merge one into the other are to be distributed 
among the other Stomatopoda. Claus, however, has related certain Erichthus 
forms with high, laterally compressed frontal spine and short carajiace {Pseude- 
richthus. Brooks) to the genus Pseinhsquilhf while, on account of the slightly 
arched dorsal shield, the long rostrum and the closely approximated, posterior 
lateral spines, and, above all, the absence of teeth on the terminal joint of the 
large prehensile maxillijiede, he has related other forms {Qoncrichthus^ Brooks) 
to Gcnoddd ylus. Another series of larval forms {EricfUhus Duvauccllci an<l 
multispinostts) characterised by a strongly' arched dorsal shield, a flat abdomen, 
widely 8ei)arated posterior lateral spines, as well as vontrally incurved lateral 
edges of the dorsal shield, may be referred, with Brooks, on account of the 
presence of numerous teeth on the terminal joint of the second maxillijiede, 
to Lysiosquilla^ and may therefore be called Lysiorrichthus. Brooks was able 
to observe, in the case of a larva nearly related to Lysioni^hthus multispinosus^ 
the direct transition into Lysiosquilla cjccavatrijc. With regard to the difficulty 
of classifiying the other larval forms, it must be borne in mind that our 
knowledge of the adult forms is by no means complete, as has been proved by 
occasional discoveries (such as that of the remarkable PtcrygosquiUa found 
by Hilgendorf). P'ossil Stomatopoda have also recently become known. 

12. Cumacea. 

The Cumacea, which occupy an intermediate position between the 
Schizopoda and the Arthrostraca (especially the Anisopoda), show 
an abbreviated and fairly direct form of development. As in 
the Mysidae (p. 257), metamorphosis is confined almost entirely 
to stages passed through within the l)rood-cavity of the mother. 
The embryos, by their dorsal curvature, as well as by the presence 
of the dorsal organ, recall the Isojioda. The compound eye, which 
in the adult is usually unpaired, arises by the fusion of i)aircd 
rudiments. The young that emerge from the brood-cavity are still 
without the last pair of thoracic limbs, and, in this respect, resemble 
the Isopoda. Only the sixth pair of pleopoda is well developed. 
The ^WQ anterior pairs are wanting in the young (as is also the case 
in the Anisopoda), and are, as a rule, only partly developed in the 
adult males (Dohrn, No. 96). 
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13. Anisopoda. 

Among the Arthroatraca, tlie Anisopoda (ApseiuJeg, Tanaia) show 
tlie tuoat primitive condition, somewhat aiiggestive of that fuund in 
the Schizopoda. Embryonic development and the greater pnrt of the 
metamorphosis here takes place within the brood-cavity of the mother 
(ns in Myitie and the Curaacea). 
The young on emerging from 
the brood-cavity (Fig. 145), like 
tlioaa of the Isopoda, are diB- 
tinguishoJ from the adult by 
tlie absence of the last pair 
of thoracic limbs. As in the 
Cumacett, nil the pleopoda, ex- 
cept the sixth pair, which are 
filamentous caudal appendages, 
are wanting. A point of great 
interest is the [iresence of n 
wing-like aheli-fold {pt) stand- 
ing out laterally from tho 
cephalo- thorax. This renders 
possible the derivation of the 
Arthrostraca from a racial form 
provided with n dorsal shield, 
and also seems to establish the 
significance of the lobe - like 
appendages of the Aeeilaa em- 
bryo (ef. above, p. 151). 




Fra. I«.— Toiiiig or JfMiidH 
the brood -cavity (iftsr Cli 
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14. Isopoda. 
We have already had occasion 
to mention aome features of the 
developiuent of the Isopoda 
e""" "" (p. 150), especially the dorsal 
curvature and the development 
of the dorsal organ in these animals. In the Isopoda also, after the 
full number of segments have appeared ami llie limlj-rudiments have 
developed, the egg-etivelope splits, nnd the larva, still incapable of 
motion, maggot-like, and surrounded by the Nauplius cuticle, under- 
goes its further development in the brood-cavity of the mother 
(Ateiltu). When it leaves that cavity, it already tcsembleA the adult , 
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in the general segmentation of the hofly, heing still distinguishable 
from the latter by the relatively large size of the head and the eyes, 
the incomplete segmentation and the non-existence of setae on the 
limbs, and above all by the absence of the last pair of thoracic limbs. 
This young form passes gradually through several moults into the 
adult stage. Scbiodte and Meinert (Xo. 175) distinguished in 
the Aegidae (and Cyrnothoidae generally) three consecutive larval 
stages, the youngest of which, found still in the brood-cavity of 
the mother, is marked by the absence of setae on the limbs and 
the telson. The second free-swimming stage has already developed 
setae, and during the third stage the limb-rudiments develop on the 
last thoracic segment. In the Cyrnothoidae we meet with indications 
of degeneration owing to the parasitic life adopted by these forms ; 
these even appear during metamorphosis, finding expression in the 
shortening of the antennae and the changing of the thoracic limbs 
into adhesive organs. 

In individual cases, these chanfjes lead, tlirough the reductions caused by 
parasitism, to a much more distinctly marked metamorphosis, the sexual 
heteromorphism also being more accentuated than in the free-living Isopoda. 
This is the case in the families of tlie Anceidae^ Bojryridae, and Entaniscidae. 

In the genus Gnathia^ the female form {Praniza) is very different from the 
sexually mature male {Anceits). In the female, the head is small and triangular, 
and three of the posterior thoracic segments fuse to form a swollen region 
(brood -chamber) ; in the male, the head is broad and s(|uare, and the seizing 
pincers are branched like the horns of the stag-beetle. The young forms of 
this family show the elongate Praniza type, but from the very earliest stages 
there are indications of sexual dimorphism, the larvae which will become 
females already showing signs of the fusion of three thoracic segments, which, 
in the young males, are quite distinct from one another. These Praniza-like 
larvae lead a parasitic life (on fishes). Consequently, mouth-parts which are 
adapted for piercing and for suction project forward under a large upjKjr lip. The 
mandibles and maxillae are adapted for piercing ; they are [mlpless, and pointed 
like stylets, and the mandible and second maxilla are toothed at their ends. A 
pair of maxilli pedes follows, the segment carrying them being fused with the head. 
This anterior maxillipede, which is somewhat long, forms a kind of lower lip, 
while the second gnathopod ends in an anchoring hook. The five following thoracic 
segments (the third to the seventh) carry five pairs of limbs changed into 
anchoring organs, the fifth to seventh being fused in the female.* The eighth 
thoracic segment is retained in a very nidimentary condition, and is followed by 
a well-segmented abdomen furnished with biramose pleopoda used for swimming. 
During the transformation into the adult form, the up])er lip and the maxillae 
are lost, while the maxilli{>edcs undergo important alteration. They become 
lamellate organs for promoting circulation of the surrounding water. In the 

♦ [According to Stebbino {A History of Crustacea, London, 1893) it is the 
fourth, fifth, and often the sixth thoracic segments which fuse and form the 
brood-chamber. — Ed. ] 

X 
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femste larvu Uic head detireasos in size, Uiv fycs undergo degeoenLtion, while in 
the male larva the head grana out iiila a large square rugiun of the htxij, which 
is *l«a provided with degenerate eyea. niid rrnin which project, antmorly at th« 
udes of tha rudimentary upper lip, two strong seizing pincers. We should feel 
inclined to dej-iv-c thcne latter fron^ thv niundibles of the yciung form, hkd not 
DoiiRN observeil that th«y bare w» 
iiidv|ii'iideut origin (ef. the trsatuea 
iif Spenck Bate, No. 161 : Hcssk, 
No. TUB, and DoHBS, No. IB*). 

In those much specialised puamt<^ 
the Boj/jfridiu, which have anckinf 
and very mnch reduced moath-pirti, 
striking sexual dimorphism clerelopa 
ill a uianner niniilar to that foimd 
in many jioraaitic Copepod* (ZmutM- 
podiJac), the less degenerate Irat 
smaller dwarf males (Fig. 147 ^) 
apjiearing attacjied to tb« krp 
unrl niuuh defonned females. Thv 
iiiBles retain io general the iBopod 
iipiieannpe, the boily raiMiiw 
symmetrical and distinctly Mg- 
nieule<i, the eyes are reUilud, 
although in a reduced condltloiL 
III the roniaU, on tlio contrcry, tlie 
eyn flre uliiioat entirety lost ; tli> 
disu-like broadened liody is uym- 
nietriesl, and its segnieuta often iudiatiuctly marked olf one from the other. 
The segmentation of thu abdowMi miiy in both wxve be reduced. 

The larvae of the Bopyridae, when they leave the brood-cavity 
(Fig. 146), have well-developed jointed antenuae, the secood pair 
being priBctpally used tor locomotion. The niouth-parta already 
show the structure characteristic of the adult. The sis pairs of 
thoracic liinbe are developed as anchoring organs. The last thoncic 
seginent is still, us in aU Isopoil larvae, without limlvrudimenla. 
Most of tlie abdominal segments ate distinct from one another, only 
the last two are fused with the t«lson. Tliere are five biramoBe (in 
many forms nniraniose) pairs of pleojjoila used as swimming limba, 
while the limbs of the si\th segment (iiropoda) have developed U 
caudal hooks. There iiro no diabinctions of sex at this stage between 
tlie larvae, which awim about freely and seek for their future host. 

After attachment has taken place in the branchial cavity of the 
host (commonly a prawn), the larva develops further through 
the appearance of the last pair of thoracic limbs, and the gTe»t 
reduction of the antennae and the pleopoda, till, finally, the reduced 
adult form above described is reached. The abdomen of the adult) 
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in many forms, carries unjointeil tubes or lamellae corresponding in 
position to the pleopoJa; these are, perhaps, of importance as 
respiratory organs, and were formerly reppat«<,lly claimed aa trans- 
formed pleopoda. KossjrANN, however, has pointed out that tliey 
appear as new structures only after the entire disappearance of the 




iipleupali^ 



bepitlc tlib»; 1',-p',, 



latter. This, however, does not disprove the pleopodan character 
of these appendages, since iiidiviiiual appendages often completely 
degenerate in the metamorphosis of the Crustacea, and reappear 
again later. 



The most nmrkEd gnrasitic trans ronniLtioDa of the female are funnd in tlia 
Eaiimiiciilat, wlii<^1i, as has been coulirmnl by the riHwnt rea^trchea of Giard 
and BOHMEK (No. Iti7], ira very doaely relnte'l lo the Bopi/rulae. Tlicac 
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jmrasiles are foudJ ivitliiii tlie bodjcuvity of tlie liost [trabs, Fagiiridat), but 
ntnat bo described an Bcta|israsL[e3, ih thi>j are eoclDSLii in a cIuUdouk n" 
derived from an invagination of the outer surfaoe of th« body (wall of the 
braacliial cavity) of the boat The body of the ft'niole (Fig. 148 B) is vtrj 
pemiliar in shape aiid doisall; curved ; it has a ronnded oephalic region (lyl 
wftli piercing mouth-parts and veatigiea of aiitenlue {at, at), an tlliM^mcntnl 
tharaK ilk) which carrien t!ic ventral brood-cavity formed by tb« UmelUe of 
the timba (Fig. 148 A), and a segmented abdomen (ab) with aahre-sbaped or 
lamellate pleopoda (ni,). The small males (Fig. 147 J) become attached to Uie 




'« Tut-b-vk). A, with the brood-cavltj' purtly openeJ [n th> vi 
I Cbe brond-lanielliie Hinmtird. Tliv abdomn (nb) l« » plurd that L 

(ilor. inliidle, apil poilarlor lobei ot the Hnt bnnd-UmelU ou tbs rigbt dds; JI,lk* 
le of Uie nnt bn»a-1>iD«llii on ihe leR : llr. Ill, Hcoud brood Umeltai (ligbt and lelQ; 
A brood-Uinellu (right eod left)^ IV, fburUi brotjd'laiiiel 



l.e (Hght 






biillE I 



k 



females and resemble in apprarance the Bopyrid males, being, however, di 
guiaheJ from these by the aluenco of tbo lost pair of thoracic limba (which 
have degenerated) and of the wcond antennae. The young lan'oo (Fig. 147 B\ 
very olosply resemble those of the Bopyriiiae, and always possess paired eyn 
(kuJ, and sometimes alao a Nanpliiia eye iOrapsiBn). They are distiugnishtd 
from the Bopyrid larvae chiefly by the shape of the penultimate thomcic li 
({;), which varies iu dilTerent genen, and iIm diffen from that of tU« otiw 
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thoracic limbs. The last pair is, as in all Isopoda, wanting. In a later stage 
(Cryptoniscus stage) this missing |>air of limbs develops. The larvae of this 
stage become sexually mature as complemcntal males, protandrous liermaphro- 
ditiam occurring here as in all other Isojwda (Bullau, P. Mayer). At a later 
stage they change into females or into the final degenerated male forms (Giari> 
and Bonnier, No. 167). 

15. Amphipoda. 

The embryos of the Amphipo<ia, which, as has been previously 
mentioned (p. 148), are distinguished from those of the Isopodji 
by the ventral curvature of the Ixxly within the egg, already have 
the full number of segments and limbs of the adult. Even the 
fusions which take place between special segments in some forms 
are already present in the embryo (F. MCller, No. 16). Metamor- 
phosis is consequently reduced to small alterations of sliaijc, increase 
in number of the joints and olfactory filaments of the antennae, and 
additions of setae and teeth. 

A somewhat more pronounced metamorphosis is found in the Ilyperidca. 
In the newly hatched young of Hi/per ia, F. MOlleu found no nidiments of 
pleopoda, whereas Claus, in a Uyperia parasitic on a Discomcdusa, found, at 
a similar stage, the ]>leopoda and uropoda already developed. As a rule, the 
young of the Hyi>eridea, as conii>ared with the adults, in which the eyes are 
often excessively develoj>ed, are remarkable for the smallness of the eyes, and 
consequently of the head. They are often further distinguished by the shap' 
of the limbs. The young of Phroninm, for example, have no powerful pincers 
on the antepenultimate i>air of limbs (Pauenstechek). Si'ENCk Bate (Xo. 2) 
and more recently Claus (No. 177) have published accounts of remarkable 
<lifferences between the young and the adults, some of which can be referred 
to the general manner of life. The larvae of llhabdosoma thus appear remark- 
ably compact ; those of EutyphU, on the contrary, are long. The lifuibdosonia 
larva recalls in its structure the genus Vibilia. The abdominal limbs liret 
appear in the form of small rudiments. The Eutijphis larvae resemble in 
appearance the Oammaridae^ so that the «lerivation of the Hyperidea from the 
Crevettina seems supported by the young stages (Cl<vus, No. 177). 

16. General Gonsiderations Regarding the Development 

of the Cmstacea. 

The study of the metamorphosis of a group so varied and so rich 
in forms as the Crustacea is one of the most attractive and interesting 
pursuits for the morphologist. (ireat importance has repeatedly been 
attached to individual larval stages from a phylogenetic point of view. 
Although, in recent times, the Nauplius and Zoaca have been 
robbed of their glory as racial forms of the Crustacea, the study of 
Crustacean metamorphosis does not lose all phylogenetic significance, 
inasmuch as very distinct indications as to the relationsliips of the 
different groups are afforded by the manner of their development. 
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Great int(?rest also attaches to the consideration of the causes which 
have brought about aecondan- modifications in the metamorphosis 
of the Crustacea. 

The view that the Nattpiiuf; stage cotrespouda to the racial form of 
the Crustacea is associated ahove all with the name of Fit. MOlldi 
(No. 16), and received considerable support from his discovery that 
even among the Mnlacostraca there is a form {Penaeut) whose meta- 
morphosis begins with a free-swimming Nimpliiu. After Uaksel, 
in his Generelle Morphologh, had adopted this view, it received 
the support of the most prominent investigators of the Cnistacea 
(DoHRN, Claub). For a long time it remained the prevailing view. 
As to the way in which the NmipHus was to be deduced from lower 
forms of Invertehralo, only careful conjectures were hazarded. 
Worme devoid of segmentation, or with only a few segments, had 
to he investigated, and from tbia jioint of view the Rotatoria or 
simply-shaped Annelid larvae naturally come first under consideration. 

In the same way as the A'aiipliua was said to be the racial form 
of ol! Cnistacen, the Zoaea was regarded as the racial form of the 
higher Crustacea or Malacostraca. This view was due chiefly to 
the state of knowledge at that time concerning the structure of the 
Brachyuran Zoaen. Starting from the view that the segmeots of 
the central jiart of the body (the five posterior thoracic segments) 
are only rudimentary in the Zoaea, or, as was repeatedly asserted, 
are not present, F. MUller (No. 16) put forth the view that the 
Malacostraca were separated from the Entomostraca by the entirely 
different order of formation of the segments. He distinguished in 
the body of the Malacostraca four regions, each said to consist of 
five segments : the primitive body, the anterior body, the middle and 
the posterior body. The primitive body ia a direct derivative of the 
Nauplius body, and yields the three anterior segments (those of 
the first and second antennae and mandibles) and the two posterior 
segments (those of tlie uropoda and of the telson). Later on the 
more newly-acquired regions of the body appear intercalated between 
the anterior and posterior portions of tlie primitive body, the 
segments of the anterior body (maxillae and masiUipedes) being 
formed first, next those of the posterior body (five anterior abdominal 
segments), and finally those of the middle body (segments of the five 
ambulatory limbs). This view was opposed as early as 1871 by 
CL&iia from the study of the ontogeny of the Stomatopoda, in 
which, as in the Phyllopodo, the dilTcrent segments appear 
isively in regular order from before backward. 
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The idea that the Zoaea had significance as a hypothetical racial 
form was widened and modified by Dohrn (No. 9). Relying on 
certain features found among the Entomostraca, which were inter- 
preted as Zoaean characteristics, and supported above all by the 
consideration of the NaupUus of Lepas, which was taken for 
the Archizoaea because of its spinous structures, Dohrn thought 
himself justified in claiming the Zoaea as the racial form of all 
the Crustacea, which, proceeding from the Nauplius, had brought 
about the transition to a Phyllopod-like ancestral form of the 
Crustacea. Dohrn was the principal founder of the view that 
the most primitive Crustacean forms are retained in the central 
groups of the Phyllopoda, and that all other Crustacean groups 
. can be derived from the Phyllopoda, a view which still prevails and 
which we ourselves accept, although, with Claus, we do not regard 
the hypothetical racial form as possessing exclusively the characters 
of the living Phylloi)oda, but would construct a hypothetical racial 
group of primitive Phyllopods, in many respects, especially in the 
structure of the mouth-parts, more primitively constituted than 
the existing forms. 

Dohrn's assertion of the importance of the Phyllopoda as the 
central group from which all Crustacea can be derived was, in any 
case, a distinct advance, in so far as it removed the contrast made 
by F. !MCller ])etween the Malacostraca and the Entomostraca by 
providing a possible common derivation for all classes of Crustacea. 
Indeed, Dohrn's view smoothed the way for further advance, since 
it led easily, by logical sequence, to the direct deduction of the 
Phyllopoda from ancestral forms resembling the Annelida. 

Such a derivation of the Crustacea was, however, only very 
gradually accepted. The Nauplius at first remained unshaken in 
its position as racial form of all Crustacea, but the supposed phylo- 
genetic significance of the Zoaea fell into the background. To Claus 
(No. 8) is due the credit of having, in consequence of his compre- 
hensive investigations, recognised and established the nature of the 
Zoaea as a secondarily modified larval form. The ontogeny of 
the Stomatopoda and, above all, the metamorphosis of Penaeus, 
most distinctly show that there is no essential difference between 
the larval development of the Malacostraca and that of the Ento- 
mostraca, with regard to the order in which the new segments 
appear, that order, in both cases, being from before backwards. 
One of the most important peculiarities of the Zoaeae of the higher 
Macrura and Brachyura, viz., the retarded development of the 



segments in the middle region of the body, was thus recognised as 
being only a secoiidftriiy acquired thumctcr. But even for these 
last forms it has 1>cen distinctly shown by the more recent researches 
of Claus (No. 6), that these segments are not, as was formerly 
assumed, altogether wanting, but that tbey ate present, although 
in a form diiKcult to recognise externally, and in a veiy compreftsed 
condition. Thus Claus has observed that, in the Zoaea stage, all 
the pairs of ganglia of the apparently undeveloped segments in the 
middle of the body were already [irescnl as tho closely crowded 
thoracic ganglionic mass, already perfurate<l by the sternal artery, 
a relationship which foreshadows the adult condition, as does tlie 
whole of the vascular syatem of the Zoaeit. 
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Balfour, howi'ver,* Ijelicved tlint oertain plienonien* at MbIbu 
gGny, eapiXTiall; tbo diauppeamnce and rpuppe&raDce nf some of the ajipelidlgni 
(the mau'liliiikr palp, the last two pairs uf tlioracic Unib* iu tho Miatifopia 
stage of the Sergeslidaf, tlie three jKiaterior pairs of iiiaxillii>edea in tlu 
Stomatopoda), eoiild Duly be explaineil with the help of a racial funu which, 
in many resiiecta (khore all, iu tlie ruiliniuiiUvy conditiou ol the middle r«gioD 
of thebudy], allowed Zoaeaii characters. Ac«'ordiiig to this rien, tlicre would have 
developed from the primitive PhyllDjioda, first jVVint/iu.like, so.called pre-naMl 
forma, from these £oaea-li\ie foniis, and frani tlie Utter the poit-ONUal Mab- 
ooatraca (Thoracostraua and Arthrostraca). Though it is a rumarkalile fact tlut 
in N^aJia tlic eight thoracic segments are closely crowded together and 
campose a comiHratiToly short portion of tlie body, and that the limba of Ihit 
part are Pbyllopoda-like in appearance, we are not bound to aaaume that 
this region underureut atil! greater reduction in the rsoial forms which led to 
the primitive ScliiiK)i>oda (the auoestral rorais of tlio other Ualacostraca), With 
regard nlui to the disajipearancG and reappeanince of individual appendajea. 
it ahould l» pointed out that this feature remains equally unexplained vrheltitf 
regarded as an outogenetir^ or as a ]iliylDgeDetic phenomenon. Indeed, many 
reasons may he given why this need not ap|icar so altngethcr inexplicable, under 
the assumption tliut we have here a process of deveIo[iment which is modified 
caenogenetically. LANO't considera the limbs from their first appearance ta 
tba younger lai'val stages to be inherited from an anccfltral fonii (Annelida), 
while tho temporary diiM|)pearance of the name can be expUiued l>y the cbange 
in tbe nouditiuu of life of the [lelagiu larva. It must also lie pointed ont that 
these limbs in the adult condition are usually of quite a different shape Irmn 
that in which they first apjiear In Uie larva. It is rejieatedly found that linibt, 
while changing from one form to another, [wis Uiiough u temporary iul«nncdUte 
stage (striking examples of this are atforded by the ontogeny of Liuiftr, 
according to Rrooksj. This may represent an ahbreviatiun of developnwnl, 
where, instead of a gradual change taking place in a limb, an ontogeaatte 
stage his been introdneed, in which, after complete loss of the larval lirab, 
the dilferently shaped adult limb simply appeared as a new rudiment Suok 
a change in tho process of development would take place especially in thoae 
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cases in which, in consequence of the peculiar conditions of life, the limh in 
question was of little use to the larva at that stage. Parallel cases of this kind 
of change in the process of development, where there is considerable ditferencc 
of shape between the larva and the adult foims, might be cited from other 
groups of animals. We need here only recall the loss of the larval nervous 
system and of the integument of the Pilidium^ and the origin of these organs 
in the Nemertine from new rudiments. In other points, regarding Balfour's 
view, we can only refer our readers to its refutation by P. Mayer (No. 138), 
which is supported by important arguments (above all, by the reference to the 
systematic position and development of Penacus). 

We thus, with Claus, regard the Zoaea as a secondarily modified 
larval form related to peculiar conditions of larval life, which cannot 
be classed with the series of hypothetical ancestors of the Mala- 
costraca. 

In the same way the Nauplius also must be regarded as a second- 
arily modified Crustacean larval form.* In this case we have to do 
with a shifting back of specific Crustacean characters into earlier 
stages. Hatscuek (No. 15) was the first to point out that, in a 
derivation of the Crustacea from Phyllopoda-like ancestors, a con- 
nection of the latter with the Annelida yields the most natural 
derivation for the whole group. Hatscdek supported this view 
mainly on the agreement found to exist between the body-segmenta- 
tion and the structure of the adult Crustacean and those of the 
Annelida, Avhich had already caused Cuvier and Yon Baer to 
establish the type of the Articulata (Annelida and Arthropoda). 
Above all, the agreement prevailing in the structure of the central 
nervous system (segmental chain of ventral ganglia) is so great that 
we can only refer it to true homology. If, on the other hand, we 
endeavour to derive the Crustacea through the Nauplius from an 
unsegmented form of worm, we should be compelled to assume that 
the points of structure in which the Crustacea and the Annelida 
agree had arisen independently in the two groui)s (convergence), and 
thus rested merely on analogy, an assumption which is hardly 
justified by the facts of comparative anatomy. Besides the agree- 
ment in structure of the central nervous system, the antennal gland 
should also be referred to, the homology of which with the segmental 
organs of the Annelida may be considered as proved. Dohrn 
(No. 11) arrived at a similar estimate of the value of the Nauplius. 

If, accordingly, we derive the Crustacea (Phyllopoda) from 
Annelidan ancestors, we must assume for the latter a development 
through a Trochopliore stage and through a further Polytrochan 

* [See foot-note, p. 319.] 
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larval stagp consialing of few Begmenla. In the accurate repro- 
dQction of the atjcestrol cbai-acters, we should expect ihe Crustacea 
also to develop tlirough such larval stages; iosttad of which we 
fiad the Naujilinf stage as the typical Btartiug point of Crustacean 
metamorphosis. The larvae of the Crustacea are thus secondarily 
modified by the premature development of CruBtacemi characters. 
Uatscuek was inclined, in accordance with the then prevailing 
conception of the NaupUui, to compare it, as on unsegmcnted form, 
with the Annelidau Trorlmphort. More recent observations have 
shown, however, that the Naujiliuii possesses several triie body- 
segmente. This is especially supported by the fact, proved by 
Clad8 and Dohiin, that the second pair of limbs of the Naupliut 
is innervated by a postroral ganglion. The Naujiliu* consequently 
has to be considered as an already segmented larval form, and 
comparable at least with an already me tarn eric ally segmented yonng 
Annelidan larva (Glaus, No. 7). Opinions as to how many trunk- 
segmenta can be attributed to the Naaplius will vary according 
to the view taken as to the eegmenlation of the cephalic section 
in the Cmstflcea. It appears to us best to agree with the facts of 
ontogeny and with the anatomy of the Crustacean brain to claim 
a true trunk-segment for each pair of the Nauplius limbs, and 
to assume, in addition, a primary cephalic section lying in front of 
these, and a posterior terminal region (anal segment) closely united 
with the budding r.nne (for the formation of new segments), this 
^ tatter region giving rise to the telson {'■/. on the primary segmentation 

^^^^H of the head in the Crustacea, p. 164, and on the Naui^tut stage, 
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Tbe tranntioii rrom the Aunelida to the KDceBtiul Tonns oT the CmstaoMi 
(PToloatraca, Clahs] was ooanected with certain niodillcolions at stnictucfl 
and of method of Icxxiniotioii. Evn iu p«Ugic Anaeltda [eg., Temopdru], 
looomotiun in efTtKtfd by lateral serpentine moveuents o( tlie hudy. Th* 
inobilitj 111 the aegnieuts ialer «c here conies to the fore, the [ArB]H>diB having 
only a slightpr dcgicc o{ ii)dei»iident uiobilitj. Tlie greater cuticajariwtian 
if the Hurfara ot the body in tlis ancestora of the Cruatacca, led t« til* 
limitation ot tlie mobility of the metameres inier at. The trunk liecam* firm 
rigid, vvliile the limU became artiuulated vitli the trunk and capable 
of independent niovemrnt. It a certain that a. niorc perfect foiiii of movement 
witll leas ei[>enditiire of forci: nan thus attained. The tranafoniuition of the 
Annelidnn jurapodia into independently movable oara indicates the reaaon for 
'ilicaliona in shape nndergone by these appendages, whtcli finally led to 
the developnieot nf the birunose C'nutacean limb. In view of the fact that many 
of the parapodm of pelagic Annelida octualtj assume a lamellate form, we ma; 
suppose tlmt the hypotlietical ancestor of the Crustacea had similarly shaped 
limbs. We shall therefore be inclined to accept the view that the lamellate and 




GENERAL CONSIDERATIONS. 315 

as yet nnlengtliened form of Phyllopodan limb, which recurs in Nehalia and in 
the maxillae of the Copepoda and Malacostraca, approaches the primitive type, 
and that the elongate forms of limb have been secondarily developed from this. 
We shall then be able to derive the biramoso character of the Crustacean limb 
direct from the correspondingly shai)ed Annelidan parapodium, and should 
perhaps be justified in deriving the epi|)odial appendages of the Crustacean 
limb from the dorsal gills of the Annelidan parapodia. On the other hand, 
the greater mobility *of the segmental appendages led to the development of a 
new function, viz., the interaction of the two limbs of one and the same pair, 
this again leading to the development of corresponding lolmte structures 
(endites, masticatory processes) on the mesial sides of the limbs. Such 
processes occur on all the trunk-limbs of the Branchiopoda, and are there 
used for the purpose of passing on i>articles of food. In most Cnistacea, on 
the contrary, the accessory structures are limited to the limbs surrounding the 
mouth. It is a fact worthy of special attention that the second antenna in 
the Naupliiis stage also participates in the work of mastication by means of the 
masticatory process on its basal joint, and attains its pre-oral position only at a 
later stage, when it loses its masticatory function. 

If we imagine a Protostracan serving as a racial form of the 
Crustacea produced out of an Annelidan type by the modification 
above described in the method of locomotion, and the changes in 
the limbs (with which is connected a modification in the condition 
of the body-cavity), it becomes evident that we cannot attribute to 
it all those characters by which the group of the Crustacea is distin- 
guished. The union of the five anterior limb-bearing segments to 
form a common region of the body (head), the transformation of 
the two anterior pairs of limbs into typical Crustacean antennae, 
the development through the NaiipUus — these are characters which 
occur in all Crustacea, and which we shall also attribute to the 
primitive Phi/Uopod, but which need not necessarily be claimed for 
the Protostracan form. AVe may, on the contrary, claim a great 
latitude of variation for this latter. We shall have to assume that 
the hypothetical Protostracan group comprised forms of life far 
removed from the typical Crustacean structure. As such stocks 
produced independently from the Protostracan group, we may point 
to the Palaeostraca (Trilobita, Gigantostraca, Xiphosura), as also to 
the Pantopoda, of which we shall treat later. 

It should here be pointed out that Peripatvs also, in a few respects, 
shows wonderful agreement with the Crustacea. Tlie researches 
of Sedgwick have revealed a great similarity in the structure of 
the nephridia in the two groups. The relation of the maxillary 
ganglion to the brain in Peripatus recalls the corresponding relation 
of the antennal ganglion in the Crustacea. It has further become 
probable that a structure in Peripatus, until recently little observed, 
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ia tlie lioiiiologuc of the Criistacenn froutal or^nn. In coiisequeuce 
of these points of agreement, we may conjecture that the ancestral 
forma of the Arlhropodan series leading to the Myriopoda and the 
loaecta also siining from the Protostrauan group. 

If we try to give a sketch of those ancestral forms which led on 
from the more generally circumscribed Protostraca to the actual 
Crustacea, and which we are accustomed to call the primitive 
Phyllopoda, we sliall have to presuppose in them a more homono- 
mouely segmented liody, and a slighter difTerenttation of the varions 
sections of the Ifody, than are found in the Crustacea of to-day. Each 
of the similar trunk-Begnients whidi together constituted the greater 
part of the Imdy had a jiair of ventral ganglia, a pair of bimmose, 
lamellate, Phyllo pod -like limbs, and perhaps also (like Peripaliu) 
a pair o{ nephridia. Then, as we have to regard the auteiuinl glands 
and the sliell-glands as well as the genital ducts as transformed 
nephridia, the very varying position of these latter ducts in the 
different groups of Crustacea seems to indicate that we must 
attribute to the ancestral form of the Crustacea a large number 
of pairs of nephridia. We may perhaps assume tor the limbless 
posterior region of tlie body (terminal or anal segment) puced 
furcal pro:ess«s -m inherited from the common ancestral form of 
the Crustacea. The most typical Crustacean characters hod, how- 
ever, evidently already found expression in the primitive Phyllopoda 
in the structure of the anterior region of tlie boily. We find here 
the fusion of the live anterior, limb-bearing segments (to which, 
as a sixth, should apparently he added an anterior primary cephalic 
segment with the eyes and the frontal organ) to form a common 
region of the body, tlie dorsal integument of which, enlarged by 
folding, formed the protective dorsal shield. Among the five paire 
of limbs belonging to this region, the antennules, which were in oil 
s originally uniramose, assumed an exceptional position as beoKia 
of the more important sensory organs. The second antennae, which 
followed them, were Inramose and functioned chiefly as oars, perhaps 
also participating in the work of mastication. For this latter 
purjmse, the mandibles lying behind the upjier lip were specially 
suited through the modification of the basal joint, while the other 
part of the limb was retained in the CopepoJa as a two-joint«d 
palp. Ne.vt cunio two pairs of maxillae approaching in stnicttire 
the subsei^uent trunk-limbs, and perhaps still retaining their original 
characters in the existing Crustacea. The presence behind the 
mandibles of a paired lower lip (paragnatha) in various groups of 
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Crustacea enables us to ascribe such a structure to the common 
racial form. The anterior cephalic region comprised the frontal 
organ (primary cephalic tentacle of the Annelida?), the unpaired 
(so-called Xauplius) eye, and the paired compound eyes, which we 
must evidently assume to be inherited from the common racial 
form. This development of the cephalic region and its limbs 
gave those characters by which the Crustacea proper (primitive 
Phyllopoda) were distinguished from the Palaeostraca and the other 
Arthropodan stocks. In the primitive Phyllopoda the sexes were 
probably separate ; they possessed a long dorsal blood-vessel with 
segmental pairs of ostia, and perhaps also a pair of hepatic out- 
growths in each segment. The presence of this last character is 
supported by the organisation of the Stomatopoda (r/. on the 
common racial form of the Crustacea, Lang's Text-hook of Com- 
parative Anatomy, Vol. i., p. 406). 

In conclusion we must briefly refer to the interrelationships of the different 
groui)3 of Cnistacea. Among the Entoniostraca the Branchiopoda, among the 
Malacostraca Nebalia, and in many points of inner organisation the StomatojK)da, 
stand nearest to the j>riniitive Phyllopoda. Among the Entoniostraca, the 
Copei>oda were probably the tii-st to bmnch off independently ; these while 
undergoing, in adaptation to pelagic life, a certain degeneration (that of the 
dorsal shield, the heart, and the respiratory organs, and tlie loss of the paired 
eyes), in other respects, esj>ecially in the structure of the mouth -jwrts, retained 
a very primitive condition. The other Entomostraca (Phyllopoda, Ostracoda, 
and Cirripedia) seem to stand somewhat nearer one another. Among the 
Phyllopoda, tlie small Cladocera, consisting of few segments are evidently a 
degenerate form of the EstJuridae. For tlic Ostracoda we shall have to take as 
a starting point a very primitive Phyllopod completely enclosed in a bivalve 
shell, a form which thus must have resembled in appearance the Estheridae. 
In the most primitive form among the Ostracoda, Ci/jnndina, the structure 
of the limbs clearly indicates a relationship with the Phyllopoda. Since we 
were obliged to presupiwsc for the primitive Phyllopoda a body of many 
segments, we shall have to assume for the Ostracoda a secondary diminution 
in number of the segments. The Cirripedia also must be deduced from a racial 
form similar to that of the Ostracoda, starting from the free-swinmiing Cypris- 
like larva. According to Claus, a nearer relationship to the CopeiK)da must 
often be assumed. This latter assumption rests ui)on tlie similarity of the 
thoracic limbs, and the similar number of segments in the thorax of the two 
groups. These features may, however, have been acquired independently in the 
two groui)s, since they actually recur in other Crustacea (the Cladocera, for 
example, having six thoracic segments), we cannot therefore consider the 
question as decided. For instance, we do not forget that the typical Copepodan 
characters (degeneration of the lateral eyes and of the doi-sal shield, breaking 
np of the second maxillae into two i>airs of maxillipedes) are not found in the 
Cypris larva of the Cirripedes. In judging of the systematic position of these 
latter, we shall have to lay special stress on the presence of a large bivalve 
shell from which the mantle of the adult develops. It therefore appears to 
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113 Ilmt tliorc U only a distant relatioiiaiiip liotwecn thia group and the Copc- 
poda, nnd, taking into iLccoiiat the CypHs larva, wo luv Jiutilied in analiunK 
a deriTutJon from a primitive Phjllopod with a Livalve shell. lu tlieae pointi 
we ftgree nitli the view of Balfocb {7i%rf-ioot of Cfmparativt Embr-gologs, 
Vol. I., p. GOB) and Fowler (No. 43). 

Among the Milaoostraca, the Leptmtraca which, besides the now liring gconi 
KiAalia and its relations, probablj compriees a Heries of foEail Tonus tiioh m 
Cerataoaris, Didyocarii, and Hymsnoearu, occupy the moat primitiTe podtioD 
and show morjihalogical characters which oounvct this group dirwtly with the 
Phyllopoda, X'cbalia, for the accurate knowledge of whose gtmctun and 
the deRnition or uhose aystcnuitic position we are indebted to Claus, ahowt 
decidedly the Ualacostracaii type in tlie division of the body into regioni. 
iu the structure and number of the limbs, and in mauy points or intemi] 
anatomy (presence o{ a nmsticatory stoinsoh as part nf the stomodaenm, nnmber 
and distribution of the hepatic tabes), so that there can be no doubt about 
its connectiou witli the Malacostraca. Even the night similarly shaped pairs ur 
thoracic appemlagea, resembling the Phyllopwlan limits, are related to those of 
t)ie Ualacostraca by the number of joints in the endopoditea. Contnuted with 
tills, tiiu presence at Llie posterior end of the tilidomen of a aupeniumersry limb- 
less segment is of smaller importance. Among the features which connsct the 
A'ebaliiM with the Thyllopoda and thus constitute them direct descendaitlB 
of tiie hypothetical groap of ]iriinitive Phyllopoda mast be enuuieratod : the 
pi'esence of a long heart witli a large number of venous ostia (fonr large and 
three small pairs), the very primitive structure of the ventral chain of ganglia, 
the maxillary ganglion having, as in SraneJiipia, remained separate, the Hat, 
Urnellate form of the eight pain of thoracic llmba which recalls the rhyllopoda. 
and in which the sejiaratiun of ninxillipedes from the ambulatory or From the 
swimming limbs has not yet taken place, the presence of a large bivalve shdl 
closing by means of a special adductor muscle, and linally the pouessjon of 
two long, ind<?[iG]idcntly movable furcal processes strongly resembling theae 
of BranAipui, 

Among the other Malacostracn, the Stomatopoda occupy an unusually isolated 
position. We evidently have hero to do witll ■ stock which separated vnrj 
early from the pi-iinitivD Malacostraca. While the fomi of the heart, And 
[lerhapa also the arrangement of the hepatic tubes, indimtc a prindtive 
condition, tlietc is a di'velo|imcut iu many other directions of new and 
(ividently indepeurleiitly acquired characters. 

Tii« print-agnl stock of the Malocoatraca, on the other hand, is to be derived 
from the Legitostnica through the Schizopoda, nitiong nhicb, again, the 
SupKautiitlaf. ninst lie regarded as the moat primitive group. Their primitive 
citaraoter can uhielly be recognised in the shape of the thoracic limbs, whkib 
ore all developed as biromose swininiiug limbs, and mors or less resemble ona 
another. The view that the Deoa]ioda ore descended from Schizopoda is 
supported chiefly by the presence of a 8ciii»ipoda-like stage in the metamor- 
phosis of niauy Decapods. Among these the Penoeidea, to which also the 
Aslacidea are nearly related, approach the SchiEopoda most closely. The Qthn 
Deeapoda scetn to be derived forms of the ontogonetio series proccediag from tbe 
Schizopoda. The Brachyura, which are connected with the Uacrura Ihrmgb 
many tranaitioimrj' forms known as Anomura, must be regarded aa the moat 
highly davelojied bnt most B|)Ouialxsed group of this aeries of forma. 

1 series of forma proceeding from the Schixopoda leads tlirougli th* 
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Mysidae and the Cumacea to the Arthrostraca, which we must regard as derived 
from the Schizopoda by the degeneration of the dorsal shiehl, the stalked eyes, 
and the exopodites of tlie thoracic limbs. This derivation has recently been 
strongly advocated by Boas (No. 4). It is supported by the structure of the 
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PALAEOSTRACA. 

Ukdbk the name Pulaeoatraca, Stkinmakn and Dodbklein liave 
united the groups of tlie Trilobita, tlie Gigatitostroca, and tlie 
Xiphosura. There can hardly bo any doubt, as Dohkn (Xo. 11) 
and others liavo shown, that these three groups are closely connected. 
The Xiphosura (among whidi ths genus Limutut, as sole Uviog 
representatii'e, is of special iuterest) show, in the shape of the 
cephalo- thorns, especially in Belinurus, a striking resemblance to 
the Trilobitcs, which are also recalled in the ontogenetic stages of 
LiinvluB. On t!ie other hand, the Gigantostraca {Eurypterus. 
Pterygotuii), in the division of the body into regions and in the 
structure of the limbs, are closely allied to Limulw. Like the 
latter, they possess an anterior cepholo- thoracic region, with six 
pairs of linilis, some, being chehite, taking part, by means of their 
broadened coxal portions, in the work of mastication. The tiiasti' 
catory region is bounded posteriorly by a lower lip known as thu 
metasloma (in Liimiltm by paired diilaria. Fig. 158, ch, p. 345, and 
Fig. 159 B, p. 346). The region which follows the cephalo- thorax. 
the pre- abdomen, consists of six segments, the leaf-hke limbs 
of which served for respiration, while there follows posteriorly a 
post-abdomen, consisting of six limbless segments and the teUon. 
This latter region, in Limului, is in a reduced condition. If wo 
attempt to classify ttje Palaeostraca under the Crustacea, as ha^ 
repeatedly been done, we shall be compelled to widen our conception 
of the latter group. The CruaJacea, as a group, appear to be chamc- 
terised by the jjosaession of two pre-oral pairs of antennae, which, 
in the adult, take no part in the work of mastication, and besides 
their locomotory function serve chiefly as sensory organs.* The 

• The Criialiioea are fiirtber distingiiislied rroni tlia PaUeostnca by the 
atmctura uf the uiDutli-pnrts, vrliiuh si's developed typiuailj in tlie rorm of 
mandibleH nnd nrnxillan, >ud iu Uie poHitiou oc the pnired lower lip (paia){' 
iialliK), which a|i|iears in various groups behind the inaiidihlefl and Id (root 
or the aiaxiltoe. In the adult Crustacean, the inaxilUo oan hardly be n — '*' 
~ looouotory organs. 
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Nauplitis stage, further, is typical of their development. The Palaeo- 
straca, on the contrary, seem to lack both these cliaracteristics. We 
shall therefore, perhaps, he more accurate in our determination of 
the systematic position of the Palaeostraca if we consider them, 
not as true Crustacea, but as a distinct group, nearly related 
to the Crustacea, which branched off independently from the 
ancestral form (Protostraca) l^efore the first typical (^liaracters (the 
two pairs of antennae and the NaupUus stage) had developed 
(p. 315). A feature which is very common among the Palaeostraca, 
but does not occur to the same extent among true Crustacea, is the 
frequent fusing of the posterior segments of tlie body to form a 
distinct region (pygidium). This is evidently an adaptation to the 
habit of rolling up that part of the body. Among the Palaeostraca, 
the lowest grade of development is found in the Trilobites, as is 
evident from the more 

homonomous segmentiition ^ 

of the post-cephalic region, 
and, according to Waixott, 
the uniform character of 
the numerous limbs. The 
same author has shown 
(Xo. 5) that the liml)s of 
the Trilobites exhibit in 
their structure remarkable ., , ^. 

rKJ. 149. — Dia;;raiiiinatic cniRs-scction through a 
agreement with the typical trunk -limb of % Trilobit** (after Walcott. fh)iii 

Crustacean limb. " The ^'^""^ Text-look), en, euao,«<liU; rp, epipodial 

api>cutlages ; ex, exopoilite ; a, intfstiiial caual ; 

former are biramose (Fig. »-, tcrgum; p, pleura. 
149), with a live- or many- 
jointed endopodite (en) ending in a claw, and a two- to three-jointed 
exopodite (ex). On the outer side of the coxal (basal) joint, spiral 
epipodial appendages (ep), thought to be gills, are attached.* It 
may be j)ointed out that, in Limulua also, the biramose character 
of the Crustacean limb finds expression in the presence of an 

• [The recent reseai-clies, more e«i>ecialiy those of hEKniKU (No. II.), on the 
limbs of Trilobites show that these a}>i)en(lages, with the exception of the higlily 
Hi)ecialise(l antennae, were but slif^htly nio<lifieil in the ditferent body-regions. 
Typically eacrh apiK?ndage wa.s biramous, consi»*ting of a twojointeti protopodite, 
whose coxal joint in the more anterior limbs formed a masticatory blade, a live- 
jointe<l en(lojK)dite, and a strongly setiparous exoijodite witli an expanded basal 
ioint, and a multiarticulate i>alj). On the pyi^idiuni, these ap|)enda^es were more 
lamellate, and ch)sely resemble those of the larval Jipits, being typically phyllo- 
jKxiiform, and it is these limbs that Bkkchkk regards as indicative of the 
primitive ty|>e of limb-structure. Anteriorly, the endoi»odites assume a more 
cylindrical form. — Ed.] 
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appcndogc which may be regaitled as an exopodite, ou the sixth 
pair of limbs (Fig. 158, x, p. 345), as well as in the form of the 
abdominal limbs (o„ a^. 

While the Palaeostreca in one direction join on to t)ie Crustacea 
and to their hypothetical ancestors, the Protostmca, they are further 
of great interest as probably the original group from which the 
air-breathing Arachtiida developed. The view that the Arachnida, 
and above all the Scorpioiiea, are closely related to LimiUus — first 
put forth by Straubs-DUrkheih, and more recently established on 
a firmer basis by Kav Lankestsh (No. 16} — appears supported by 
so many points of agreement in the structure and the development 
of the two groups, that we cannot refuse to accept it; it will bo 
more fally discussed below. 

Only a few of the ontogenetic sluges of the fossil Palaeostraca 
have been preserved through the favourable character of the stone 
enclosing them. The ontogenetio stages of many Trilobites are, 
however, known, and in some cases it has been possible to put 
toselher complete series, so that we are able to solve many important 
problems in the nietamorphosis of the Trilobites. The ontogenetic 
stages of the Uigantostruco, on the contrary, have not as yet been 
observed. 

L Trilohita. 

NotwitiistanJing the more recent researches of Foro (Nos. 2 and 
3), Walcott (No. 6), Matthbw (No. 4), the earlier investigations of 
Bariunde (No. 1), which are here followed, still provide the foiindii- 
tion for our knowledge of the uietamorphosis of the Triiobitea,* 
Barrakde distinguished four ontogenetic types which, however, he 
considered as merely provisionol. Three of these metliods of 
development may be regarded as modifications of one type, while 
till' Aijiwslui type seems quite distinct from the others. 

1. Type in which the adult pygidinm develops late. 
A very complete metamorphosis, consisting of many consecutive 
stages, was established by BAitBAKDtE for Sou hirmla (Fig. ISO), i 
form belonging to his first ontogenetic type. The youngest known 
stages {A) still differ greatly in appearance from the adult. They 
are exceedingly smoU (two-thirds of a millimetre in diameter), 
rounded, and disc-shaped, and as yet show no distinct segmentatian 
of Ibo body. The latter consists chiefly of the rudiment of the 
future cephalic region. In which the glabella is already marked 
off from the cheeks by dorsal furrows. The posterior border of tlie 
• [See BKKcHKn, Append. LiL TriloUta, No. I.— Ed.] 
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glabella Is not yet distinct At its sides, cloee to the anterior 
maigiu of the tx>djr, two arched indentations can be recogniBed- 
these, it may bo conjectured, &re connected with the rudiments of 
the eyes (a). The rudiment of the cephalic shield forme the chief 
part of the body at this stage, llie posterior section is small and 
ehowB the rudiments of a. few indistinct segments. A few tooth-like 
projections of the posterior margin are to be regarded as the pleura 
of these segments. This region contains the rudiment of the whole 
of the future thorax and pygidium. 




In a later and somewhat larger stage (B) the ceplialic region has 
become marked off by a distinct boundary from the posterior region. 
In this latter, the rudiments of the segments have become more 
distinct, and they have increased in number. In the succeedinf; 
stages {C, D, E) the thorax first makes its appearance as a distinct 
body-region, being formed from the anterior segment-rudiments of 
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the posterior growing mass, the most anterior of these rudiments 
becoming segmental off as the free, movable thoracic somites. 
Freah thoracii: segraenta are auctessively set free from the anterior 
end of the posterior mass, which itself continues to grow and form 
new segment^rudiiiients. Tliia posterior mnes of incompletely sepa- 
rated aegmotit-ruU intents is nothing more than the budding xone of 
the still undeveloped tlioracic segments, and must not be confounded 
with, the pygidium of the adult. It was called by Basrakde the 
"pygidinm transitoire," and is distinguished externally from the 
adult pygidium by tlie fact that the latter, in isao and IJalriianile*, 
has an unbroken margin, while the posterior margin of the transitory 
pygidium shows freely- projecting teetli which are connected with the 




development of the pleura of the free thomcic Eegmenta, Only 
after the full number of free thoracic segments (in Sao 17) is 
attained douB the adult pygidium develop; this, in Sao, is very abort. 
While the full segmentation of the adult is in this way gradually 
attained, the cephahc region, apparently through niotlifications 
brought about simply by growth, undergoes transformation which 
causes it to approach nearer to the shape of the adult bead -shield. 
The limbs, the occipital furrow, and the cheek (genal) spines appear. 
The glabella becomes more distinct, and tlie transverse furrows appear 
*>>n it, giving a suggestion of segmentation. Finally, the facial suture 
iff) can be distinctly recognised, and the granulated ornamentation of 
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the surface characteristic of Sax> develops. The changes in the 
IX)sition of the optic rudiments (a) in Sao is of great interest in con- 
nection with the position of the lateral eyes of LiintUus. The optic 
rudiments originally lie quite near the anterior margin of the cephalic 
shield on each si<1e of the glabella, and at this stage the transverse 
diameter of the eye is its greatest diameter. Their position in these 
early stages somewhat recalls the position retained throughout life by 
the eyes of Cromus iniercostaius. Only in the later ontogenetic 
stages of Sao do the eyes shift laterally and posteriorly away from 
the glabella, in such a way that their greatest diameter runs parallel 
with the longitudinal axis of the body. 

Tlie development of Dalnianites socialis follows a precisely similar course. 
That of Plychoparia Linnarssoni also, which was made known by Matthew 
(No. 4), does not ilifTer essentially from that of Sao. A remarkable feature of 
the first stages of Ptychoparia is the a])proximation of the two dorsal furrows, 
causing the narrowing of the glabella which is not yet sharply defined. In 
the glabella itself, it is evident that the posterior segments, seiiaratcd by trans- 
verse furrows, are at first shorter and more crowded than the long anterior 
segments, a contrast which disappears as the cephalic region develoi)s further. 
Here also the jjosition of the optic nidiments changes, in the way described above 
in connection with Sao and Dalmanites. 

S[HK;ial interest attaches to the statements of Fokd (Noa. 2 and 3) concerning 
tlic ontogenetic stages of the American form Olencllus ampJioidcs. The youngest 
stages are here, as in SaOy disc-shaped (Fig. 151 A), The rudiment of the 
glabella, consisting of five consecutive segments, can be recogniswl, and behind 
this a small, still unsegmeuted region (;>), in which lie the rudiments of the 
whole thorax and pygidium. In the next stage {B), this region shows the first 
traces of segmentation. On each side of the glabella lie the two S-sha[)ed 
swellings (c, rf), which are continued posteriorly into spines (^/, h) that project 
beyond the margin of the l>ody. The outer swelling (c) represents the rudiment 
of the eye, while the inner (rf) takes part in the formation of the "fixed cheek." 
Of the two pairs of spines which nm backwards, the outer {a) probably ))ersists 
as the "cheek spines." The inner spines (6) ai*e still recognisable in later 
stages, but then disappear, an<l in the adult {E) are re])resented merely by a 
ridge which runs diagonally from the eyes to the posterior margin of the cephalic 
shield. During development, a cousidera))le portion of the posterior margin 
of the cephalic shield becomes intercalated between the two i>airs of spines. 
The inner spine is of interest on account of its position. "We are perhaps 
justified, as will be shown when we come to describe the development of the 
cephalic shield in Limulus (p. 352), in distinguishing three regions in the 
cephalic shield of the Trilohites (as also in that of Limulus)^ the boundaries 
of these regions Iwing indicated by the facial suture. We should then have 
to regard only the "fixed cheeks" as the pleurae of the posterior segments of 
the glabella, while the "movable" or "free'* cheeks, together with the eyes, 
l^louged originally to the most anterior cephalic segment, these latter having 
shifted by lateral and backward giowth round the posterior cejihalic segments 
until they assumed the position in which we now see them. The position of 
the eyes of Limulus in a posterior, so-called thoracic segment would thus be 

Z 
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explained. Wlioti we consider tlie ontogenetic stages of OUnellut (Fig. ISl C 
and D), we tea that tlic filBiirae of tlie Tree tboracjc aegnienta do uot at lint 
extend laterally beyond the middle of the eephalic region, ns above described. 
We are therefore led to a^k whether the inner ujiine (A), alluded to above, it 
not t« be referred to the catej^ory of pleurae of one of tliose posterior s^mmta 
(i.>,, trunk -segnielitB) which hare fused secondarily with the glabella. 

The later ontogenetic iitaj(c3 of Oltneltia aaaphoida are marked by the ftft 
that the pleame of the third free thoracic segment appear greatly lengthened 
posteriorly (Fig. 151 t'and D), u feature wanting in the adult, hut recurring in 
the anterior segmentJi of a few sjieoies of Paradoxida. Since the young etagM 
of OlentUitt further agree with these gpeciea of I'aradoiidu in the notobing 
of the posterior margin of the cephalic ahield, the metamorphoais of tlie former 
seems to si)ggt>Bt uerlaiti Htugcs in the pliylugeny of the latter geuus. 

The third ontogenetic type of 
Barrande contains those forniH 
whoso atagea of lle^'ciopluent eX' 
hibit tiiG same cbnrncters as the 
lat«r stages of Sao /lirtula. Tho 
cephalic region uBiiolly already 
shows the odiill fonn ; Uie uutuber 
of the thoracic segments is, bow- 
ever, incomplete, while tbe posterior 
legion of tlio body, functioniDg as 
transitory pygidiuni, has still Ut 
yipld, by segmentation of its anterior 
portion, the free thoracic segments, 
ivbicli are at present wonting. 
Further development takes place 
as in the first type. We must 
assume that Baurande's third ^pe 
contains forms whoso youngest 
stages are not known, or those 
wlioso metamorphosis is acLuaUy 
abbreviated in such a way thai they 
leave the egg at a later ontogenetic 
stage. Barrande classes under 
this type the following genera: — 
Arethusina, Cjfphiupu, Proettuf, 
Arionellug, Conorephalitev, Aej/lina, 
Hijdroenphaiuit, lUaenwi, At 
Ainpyx, Ogi/tjia, and Triarlknu. 

A still more abbreviated meta- 
rphosia sec ma t4> cfaaraotertse 
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Barrande*s fourth type. The cephalic region and the thorax are 
here already completely developed; the pygidium, on the contrary, 
is somewhat undeveloped, the number of segments composing it 
being still incomplete. We must class under this type Paradoxidea, 
the species of Dalmanites which belong to the Hausmami group, a 
few si)ecies of Phacops^ Proetus, Asaphus^ etc. 

2. Type witli early development of tlie adult pygidiuin. 

This division corresponds to the second of Barrande's ontogenetic 
types, to wliich belong Agnostua and Trinucleus. The youngest 
known stages consist merely of the rudiments of the cephalic shield 
and the pygidium. The latter, although still incomplete, has essen- 
tially the characters of the adult. Metamorphosis is thus limited 
to the development of the thoracic region, which takes place in 
such a way that, as in forms already described, successive free 
segments become cut off from the anterior part of the pygidium. 
The otlier modifications consist in the increase in the number of 
the rudiments of the segments in the j)ygidium, and in the more 
perfect shaping of the cephalic region. In TrinucleiiSy for example, 
the characteristic rows of pores of the "limb" of the head-shield 
are developed. 

This form of development, as contrasted with the eailicr type, must be 
regarded as more specialised. In view of the evident importmcc of the 
presence of the])ygidiiim, 
we cannot greatly wonder 
that the modification of 
the jwsteiior segments 
of the body to fonn this 
structure was shifted to 
quite an early stage. In 
the small number of 
segment - rudiments 
in the first stages, the 
abstriction of the tho- 
i*acic segments and the 
development of new rudi- 
ments of segments at 
its anterior end, the 
pygidium, in the younger 
stages of this type, closely 
resembles the transitory 
pygidium of the tyjjes 

described above. It is, however, distinguished from these by the fact that, in 
form, it more nearly approaches that*of the adult. It is evident that no sharp 
distinction can be made between these two types of development. 

The ontogenetic stages of Agnostus and of Trinucleus strikingly recall certain 



M. B. 






Fio. 153 — Four stages in the development of Agnoi4us nudys 
(after BarkandeX A^ youngest stage, consisting of the 
cephalic shield and the pygidium. B, stage with the rudl- 
ment-H of two thoracic segments. C, stage with two fully 
fonuctl thoracic segments. />, adult form. 



early stages in t!ie ilcvelopnionl offlio yerm-band in llio Soorpiones, as desciibi'<l 
hj MrrscdNiKDi^F auJ others (Vol. iii.). Iq the kttcr also ore found &t tirst in 
Miterlor and a posterior rugion of tbo body, a few small free segnTenta, arising 
sofxamvelj, being cut off from tlie posterior regioa and iutcrrolatcd Iwlwcfn 
the two regions. Similar stages are found in the Araneae. We must, howovur, 
bear in mind tint the frofl segments of this germ-band are later drawn into 
the hsad, and are evidently represented in the Trilobites b; the segments of 
the glabella. These cannot, therefore, be homologised vritli the free thoracic 
segments of tlie Trilobites. A certain similarity is, however, brought about by 
the preseucB of a large posterior seotion from which tiie trunk -segmenta arise 
later. 

Bahran'DB pointed out that most sjiflcies of Trilobites in ivhioh meUroorpliosis 
occurs belong to the older strata of the Bohemian Silurian, while, in the more 
recent strata, young stages of Trilubitesare much less frequently found, althougli, 
in these same strata, the number of species is richer, and the conditions for 
the preservation of tliese delicate forms are also to soius extent farourablr. 
Babbaxue therefore aeema juatiRed in conjecturing that metaaifir}>lioais waa 
perhaps replaced by direct develogitnent in the later and perhaps more apeualisfd 
Trilobites. 

IL XlphoBura. 

Limvliu jiiilypltemus ia tlie only Sipbosuriii whose ontogeny hns 
H3 yet beeu investigated.* The metaniorphosia of L. vtoHucanut ib 
still unknown, but it Ehould be mentioned that Willeuoes-Suhh 
(ffo. 31) believed that a pelngic Crustacean larva obtained off the 
Philippines by the Challenger, which resembled the Cirripede Ihtvrc 
(p. 209), could be referred to L. viollueanuii. He, however, cbnngeil 
hia opinion later, and classed the larva among the Cirripedes. 

1. Oviposition, Cleavage, and Formation of Oerm-layers. 

The eggs of L. poli/pheniu* are laid on the seosltoro in holes dun 
in the sand hnlf-way between high and low water mark (Kinoslby, 
No. 14), or even near the former. L. rotundicawia and L. mo/tu- 
eanug, on the contrary, do not deposit their eggs, but carry tUem 
flbont nttathed to the swinimerets. The egga, when laid, are enclosed 
in a very thick leathery membrane composed of aeveral layers, which 
liAB been described as the chorion, and is perhaps not formed iu the 
ovary itself (Dohrx, No. 11), but in a special portion of the genital 
ducts. As the embryo increases in size, this membrane bursts, bo 
that, in the later stages, the embryo is covered solely by the later 
formed blastodermic cuticle. 

For information as to the lirst ontogenetic processes in the egg of 
Limulut we are entirely dependent on the short accounts of OsBOB^c 

• L. lo«ii'i^'iiva lias also recently l)een investigated by Kisbinouts (Zeal. 
Ant., 14. no. 3fiS), but we are not here able to give liis statements iu oetail 
[see App. Lit. on Xiphosura, No. II. Sec note, p. 31S.] 
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(No. 22), Brooks and Bruce (No. 10), and Kingsley (No. 15). 
Judging from these, considerable agreement with the ontogeny of 
the Arachnida, especially the Scorpiones, appears to prevail. In 
tracing the first stages of development we shall chiefly follow the 
more recent observations of Kingslbt. 

The first cleavage-nucleus lies, surrounded by formative yolk, 
near the centre of the egg.* Repeated division gives rise to a large 
number of cleavage-nuclei which become distributed within the egg 
before cleavage of the egg-contents (formation of definite cell-areas) 
takes place. This distribution is not regular, for the cell-nuclei 
wander to the surface most abundantly at the point where, in 
later stages, the first rudiment of the embryo will appear. Since 
a demarcation of the cleavage-cells takes place first at this point, 
the cleavage is apparently meroblastic (discoidal) in character, 
and thus recalls the processes observed in the Scorpiones (Vol. iii.. 
Figs. 1 and 2). Finally, however, the whole egg breaks up into 
segmentation -spheres which are chiefly composed of food-yolk 
elements ; each, however, contains a cleavage-nucleus surrounded 
by protoplasm. 

The wandering to the surface of the cleavage-nuclei mentioned 
above leads, by the demarcation of cells in that region, to the 
formation of the blastoderm. The latter is thus first completely 
formed at the special point referred to, and in these stages presents 
the appearance of an 

accumulation of closely ^^ ^ ^ 

packed cells at this pole, 
while the rest of the 
surface of the egg is ^ ^"^^^^^j^^^^^!?^^^ 

still covered with large ,,,^ i54.-Cro«8 section thn)«gh the genn.dUc of 

cells filled with food- Umuliu showiug the formation of the germ-layeni 

vnlt If nnnpnrQ that ^*"*^ Kinosley). b, blastopore (primitive groove); 

y OIK. lU appears I.aai;, ^^ yolk-celU ; «;, ectoderm : w, mesoderm. 

in later stages also, a 

blastodermic thickening is retained at this spot after the blastoderm- 
formation has advanced over the rest of the surface ; this thickening 
may be compared with the primitive cumulus (Clapar^de) of the 
spider's egg. 

While the formation of the blastoderm is still going on, a cuticular 
secretion takes place at the surface of the blastoderm-cells, this 
leading, as in many Crustacea (p. 118), to the development of the 

* [KixosLEY surmises this, but was unable to find the first cleavage-nucleus. 
—Ed.] 
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blastodermic cuticle. Tiiis cuticle, which attains a considerable 
thickness and, (it later stages, wlien the chorion baa been slied, is 
the ouly covering of the embryo, is marked out into polygonal areas 
which corrL'spond to the limits of Ihe individual blastoderm-cella 
concerned in its secretion, 

Not all the cleavage-cells enter into the formation of the blasto- 
derm. Many remain, filled with food-yolk, near the centre of tbe 
egg. The sura total of these so-called yolk-cella represents the 
entodcini. The blaBtoderm, on the other band, contains the elements 
of the future ectoderm and mesoderm.* 

The next processes, which must be described as gasttulation, and 
which lead to the formation of the germ-band, now start from the 
primitive cumulus. At the middle of this latter there hrst appears 
a round depression, the blastopore, which soon becomes triangular 
and then lengthens. A primitive groove thus forma (Fig. 155 A). 
Simultancouiily, liehind the primitive cumulus, a second blastodermic 
thickening aiises, connected with the former; this, in suj>er6cial 
figures, appears as a white patch. Tlie primitive fjroove, which 
lengthens posteriorly, soon stretches into this second prominence. 
During this process the proliferation of mesoderm-cells takes place 
from the primitive groove, these cells spreading out hetow the 
ectoderm (Fig, 154). Tlie groove here yields only mesoderm and 
no entoderm. 

The estciision of the mesoderm-elemeiita below the ectoderm, 
which proceeds from the primitive groove, apjiears in superfidal 
lignres ns n clear area surrounding the latter (Fig. 155 A). This 
area soon extends, and the whole of the clear region under which 
the mesoderm lies must l>e regarited ns the commencing embryonic 
rudiment, aud may now be called the germ-disc. At its centre, 
the primitive streak can be recognised, altliough this is niiicli leas 
distinct in the stages which now follow than when it first appeals. 

* [According to the kteat researches of Kingblkv (No. L), eocb >arliue-M]l 
divides taiieciitiallv into a smaller exttrnal lad ■ larger internal cell ; tlie Utter 
cells are riuli in ynlk and yield the entodetm, while the smaller cells yield ths 
mesodenu, lu surraoe view tlie primitiTa cumulus appears like a pit, but V-'- 



proliferatiou of mesoderm -cella. 

KiBHiNocre |Ro. II,) re^tarda the octoderm aa having a double origiu, that 



and possibly givea rlae to the blood-corpuscles. — En.] 
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2. Development of the external form of the body. 

The germ-disc, whose form is now that of an elongated oval, and 
the bilateral symmetry of which is marked by the remains of the 
indistinct primitive groove, next becomes divided by a transverse 
furrow into an anterior cephalic area and a posterior post -oral 
thoraco-abdominal region. A second transverse furrow very soon 
occurs behind the first, cutting ofif from the thoraco-abdominal region 
the most anterior thoracic segment. This stage, in which the body 
consists of a rounded cephalic portion, a still unsegraented posterior 
region, and a trunk-segment intercalated between these two, strikingly 
recalls a similar stage observed in Scorpio, The median furrow 
extends anteriorly into the cephalic segment, while posteriorly 
it is lost in the unsegmented region of the body. New thoracic 
segments now successively separate from the posterior region, until 
the number of free thoracic segments amounts to six. A similar 
stage has been observed in the Araneae (Vol. iii., Fig. 25 A), 

A 





Fio. 155. — ^Two embryonic stages or lAmulM (after Kikcslet). A^ stage with primitive 
grooTe. B, stage with rudiments of limbs. 1-6, the six thoracic limbs ; a, anas ; 7>, 
primitive groove (blastopore) ; do, dorsal organ ; vie, germ-disc with sal\]accnt mesoderm- 
layer; m, mouth; n, neural groove; a,, rudiment of the operculum (Urst abdominal limb). 

We now distinguish (Figs. 155 /? and 162) a semicircular, anterior 
cephalic region, six thoracic segments, and a posterior abdominal 
region, also semicircular in outline. The rudiments of the limbs 
(the chelicerae, 7, and the five following pairs, 2-6) very soon appear 
on the thoracic segments, at first as button-like prominences. The 
smallest of these are the rudiments of the chelicerae, and each 
subsequent pair is larger than the one in front of it. The oral 
and anal apertures (m and a) are marked by ectodermal depressions. 
The first of these lies in the cephalic region, and consequently in 
front of the first pair of limbs (chelicerae), which belong to the 
first thoracic segment (Packard, Kingslet). In later stages, the 
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mouth changes its pusitiou, shifting further hack, so llial it comes 
to lie behind the chelicerae, between the aeconJ pair of limbs 
(Fig. 156). Between the oral and amil apertures, which, according 
to KmasLSV (No. 14) are peculiarly elongate, runs the neural groove 
(Fig. 155, n), which occupies the place of the primitive groove, that 
has now disa]]]jeareil. The whole of the long germ-disc ia bordered 
laterally by a thickened wall (Fig. 156, r), in whith we recogniee 
the first rudiment of the cephnlo- thoracic shield. Tiie Grst rudi- 
ments of the most anterior pair of limbs of the abdomen (Oi, 
operculum) very soon appear. Even at this stnge, on either side 
and beyond the limits of the germ-disc, on the level of the fourth 
thoracic segment, two rounded thickenings (Fig. 155 li, do), can 
be recognised ; these probably corresjiond to the so-calletl dontil 
organ (Watasb). 

The following stage (Fig. 156) shows the thoracic limbs more strongly 
developed and each bent on itself inwards and downwards. There 
are now the rudiments of two pairs of leaf-like al>dominal limbs 
(a,, dj) which are distin- 
guished from the thomcic 
limbs by tlieir form, by 
tlieir position near the 
and by the 




H Flo. 

r z 

I 

^^^^^ The embryonic rudiment lies, up to this time, as a gradually 

^^^^L extending flat disc on the sphere of yolk, The latter now begins 

^^^^H to cliange into the dorsal half of the embryo by the absorption of 

^^^^F the nutritive material (Fig. 157). The abdominal region (a&) is 



0.— Embrro fit Llmuliu {iltfr Itaniui). I-S, 
li pain or ihDiMlo limtn ; n,, nm iHouiiaal 

BCD flHcd T^^ninlly: 1^, vsDtnil ebnli'i nf 
glDglii ; c, bllitodermlc cuUcl« ; d, chlUrin : n| 



r of their appeatuncv. 
They become separated 
from the germ-disc by an 
infolding of the body-sur- 
face taking place Ijelow and 
behind them (KiNaaLsr). 
At this stage, Packard 
til ought that he could 
recognise an indication of 
the boundaries of tlie seg- 
ments on the lateral iwrts 
of the yoik near the 
germ-disc ; this, however, 
KiNGSLBv was unable to 



conlirm. 
' to this tim 
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still very short its podtenor end being flexed down\varda (Dohrn 
c/ Fig 156 ab) The embrjo now becomes covered with a delicate 
Luticular integument which is cast off hy ecdysis m the next stage 
and then comes to lie within the space which is enclosed by the 
blastoilerniic cuticle 

The ne\t stage (Fig 158) is characterised by the transverse 
splitting of the chorion the two halves of which remain for a long 
time attached to the egg as a hemispherical shell The embrjo 
moves witbiD the space enclosed by the blastodermic cuticle which 
IS now increased 1 \ the sea water taken into it The cuticle is thus 
stretched and the cell like mosaic on its surface hsappears. The 
hmbs now gradually develop more in tho direction of their final 




shape, their segmentation and the rudiments of the pincers becoming 
apparent. The outer appendage of the coxa {x) of the sixth pair of 
limb?, usually regarded as the exopodite, appears. Behind these 
limbs the rudiments of the paired lower lip, known as the chilaria 
{ch, metastoma), become apparent close to the middle liae of the 
body ; since this appendage has no ventral ganglion of its own, and 
does not correspond to any mesoderm-segment (Kingsley, No. 14), 
it should not be regarded as a limb.* An indication of segmentation 
now appears in the abdominal region (Figs. 157, 158, ab). 
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With the grailunl diminution of the food-jolk and the develop 
roent of the dorsal region, the adult form becomes evident in the 
embrjo at the next stage. The anterior region of the body, which 
coneists of the cephalic segment and the aix thorncic segments added 
to it, has now the form of a shield, although its dorsal side is atUl 
swollen and hemispherical. The dorsal side of this region of 
the body now exhibits a segmentation corresponding to the six 
thoracic segments ; this is brought about by the Tc-diatribution of 
the food-yollt (rudiment of the enteron) and by the formnlion of the 
mesodermal eepta which grow inwards. On each aide of the body, 
six outgrowths of the yolk<ladeii entoderm (hepatic rudimenta), 
separated by meaodernml septa, can be recognised, the distal end 
of the lobes being again Becoiidarily branched (Fig. 158). The 





anterior lobes now no longer lie transversely, but raJially. The 
rudiments of the eyes have also become distinct. Those of 
the middle eyes are originally situated ventrally (Packabd, No. 23), 
but soon shift over the anterior margin of the cep halo- thorax on to 

ta dorsal surface. The rudiments of the lateral eyes correspond 
in position (Watase) to the fourth hepatic lobe, and lie on the 

oner side of the dorsal organ described by this author (Fig. 157). 
The abdominal region now shows distinct segmentation, which) 
however, according to KmaeLEy, only affects the internal organs, 
while the ectotlenn appears untouched by it (J). Nine ahdomioftl 
segments in all can he distinguished (Fig. 160), the last representing 
the tadiment of the caudal spine, which is surrounded laterally by 
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the incurved segments in front of it (Fig. 159 A). At the base of 
this aegment lies the anal aperture. The Uniba now grow more and 
more like those of the ndult, but the teeth are still wanting on the 
coxal joints, which are modified into masticatory ridges. The two 
anterior pairs of abdominal appendages, liehind which a third pair 
has become recognisable, have attained the typical biramose form by 
the development of a small inner lobe (endopodite^Fig. 158, Hj, a.„ 
Fig. 159 J}). 

The stage at which the embryo emerges from the blastodermic 
cuticle is known as the Trilobite stage (Figs. 158 A, 159). The 
cephalo-th Oracle shield is now Hatter and wider, and has lost all traces 
of segmentation. It is distinctly divided by two longitudinal 
furrows into a central region with a well-marked keel and two 
lateral regions. The lai^e eyes are situated in the furrows separa- 
ting the median from the lateral lobes, and a semicircular ridge 
connects the median with the 

lateral eyes. The abdominal j i 

region still apj>ears divided up 
into segmenta. Six movable 
thorns can be recognised on 
its lateral margins (Fig. 160) 
from the second segment to 
the seventh. The rudiment 
of a fourth pair of abdominal 
limbs now appears. The first 
pair is changed into the oper- 
culum and a fui^ion of the 
inner mar^Hns of the two exo- 
podites takes place, accom- 
panied by a degeneration of 
the endopodite. In the second p,„ ,eo._urv. of Um^w. «t ti.» Triioww 
and following abdominal limbs "=b« (»n«f Watabe). rfo, dorui ors«n; (, 
the rudiments of the branchial ^y^ . ,_ rudiment of the c»uJai npinp. 
lamellae now appear, only four 

being at first apiiarent on each limb. Their number is increased later 
by the budding of new lamellae at the bases of the limbs. The 
endopodites of these limbs become divided up into three segments. 

The young which hatch at the Trilobite stage are endowed with 
great activity, and already burrow in the sand like the adidts. By 
means of their abdominal limbs they can swim about freely, and are 
consequently occasionally taken in tow-nets, A. AoAsaiz having found 
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a sptiuimeu three miles from tlio coast. After tlie first moult, ihuy 
ptisa iDtu a stage which is dii'tiiiguished from tbe preceding by the 
richer rami li cation of the hepatic tubee, by ttie closer fusion of the 
abdominal segments, and by the lengtheniug of the caudal spine. 
This stage (Yig. 161) is worthy of notice on ai;count of its 
resemblance to the Hemiaejiid genus I'reetiBieliiu. The lat«r stages 
already show the characters of the adult in all respects except sexual 
diiferentiation. The latter seems to develop very late {according to 
LocKWooD, in tht> thirtl or fourth year). Until this occurs, the males 
resemble the females, they then develop strong tenuinal claws on the 
second pair of limbs instead of pincers. 

3. Formation of the Organs. 
A, Rnroni BiJlein and BsBiory OrKani, 

the form of two 
eclodermal ibicken- 
ings (Fig. 150, 6j»} 
oil either side of 




the 



I lir 



which enclose be- 
tween them a tbiu- 
portion of the 



ctodei 



In 



superficial view, the 
latter ap[>eat8 aa a 
neural groove, al- 
though it is not 
actually sunk below 
the surface. The 
lateral halves of the 
ventral gauglionie 
chain liecome the 
future longitudinal 
commissures, which 
thicken segmental ly 
to form the gnnglin. 



taehed from the 
ectoderm from be- 
fore backward. The transverse commissures seem lo arise by tJio 
invagination of the enclosed median ectodermal area (neural groove). 
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KiHGSLEY. The veDtral chain of ganglia time <1evelop» esBentinlly in 
the manner Jescribed above aa typical for the Crustacea {p. 160), and 
apparently for all Arthropodft. There are, in all, eight distinct pairs 
of ventral ganglia in the embryo, the six anterior pairs occurring on 
the six thoriicLc segments. As the oral aperture shifts back, the 
anterior pair of post-oral ganglia, those belonging to the chelicerae, 
moves gradually forward, so that finally these ganglia become incor- 
porated with the oesophageal comniisstires proper, the nerves which 
run to them originatiiig close to the edge of the brain. The thoracic 
portion of the ventral chain of ganglia is at first elongated. 
Only in later stages does it become concentrated anteriorly, the 
circular form characteristic of the adult arising at the same time 
by the shifting apart of its two halves. Nothing is as yet 
accurately known as to the origin of the vascular sheaths of 
this part of the ^ 

in Liniii/iii', but 
KiKGSi^v(No. 15) 
states that they 
pass through a 
stage in their de- 
velopment whicli, 
in the Soorpionea, 
persists through- 
out life, where 
they are found 
lying upon the ^ 

nesophngeal com- ^ '" -">i«B" ' th g i *• r i. ». I win th i.t«ni, 

missures without rg r tb phi tl net hlll « wr% Tgnnoi 

completely envel- ^_^^"^ a"X'^„™,f'« ' "ji"^h.'»ii «^'onT«t 
oping tliem. itirib*. 

As to the cicvelopmeiit of the aiipnioeso}ihngeal ganglion [irojier, or brain, 
which gives off the o|itio and some integiimental nerves (tlia frontal nerves), 
vm have only a feiv short statements hy Pattbn [Nos. 28 and 29) and Kinosley 
(Nn. 15), whifh throw but little lifs'it on the actual facts concerijing the com- 
plicated processes wliich here apjiear. AeoordinK to Pattkn, witli whom 
KiKGSLEY agiTies, the rudiment of tlie brain consists of three consecutive pairs 
of Ranglia, whicli re|iresent a pre-oral continuation of tlie ventral chain of ganglia 
lying in tlie oejilialic iTgion of the body. (Tliis is in agreeiiient with the scheme 
drawn up liy Pattbv for the Scorpioncs and Aciliiti, and described in the 
section on the nervous system of the Tnsecta, Vol. iii.) Each of these tiiree 
pairs oorresiKinila to a (lair of ectodermal invaginations which originally Ho on the 
outer sides of the ventral chain, and give rise to the oplie ganglia. In Limulus, 
the two anterior pairs of invaginatioua are said to unite to form the median 




ejpa iiiid the uorves uonncctsd ivitli theni, wliilo tlio tliiiii pair, in Scorpio, yield* 
tbe optic gniiglia of tlie latcml ejen, bat, iti Limulai, ia related to a (mall 
aeusorj organ (Fig. 162, «). Tha lateral eyes belaug to the third (PatTKn], 
Rfth (Kinoblbt), or. according to other uutliora, the fourtli Iliorscic segment, 
and thna repreaent [lost-cephnlio atnictaree. Each optic gangliou in continued 
poBteriorlj into a nerve straud, a kind of lateral uerre ruoning along the oalvr 
Hide of the linib-riidimenta, and conii«cted with a sensory organ in each 
segment (Fig. 162, «d,-M|). According to Pattbk, these sensory organs (with 
the Dxceptioii of the rudimeots of the lateral eyes) have iianally only a temporary 
importance, and soon disappear. Kinbslry, on the contrary, bolds tliat tiie 
flrat l>air iaOi) yields tlie median eyes, tbo accond a peculiar and as yet 
uudeacribed sensory organ, while the third disappears ; rronn tlie fourth is 
developed tlie dorsal organ (la,) of Watabs, which persists for a long time ; the 
lifth puses into tlie compuund lateral eyis, and the aiztb. finally, degeneratM. 
Until these statements have been conlirmed by more detailed oliservationa, they 
must lio regarded with some sceptiuiaui. * We must refer the reader to Paitkr'h 
treatise cited above for details as to the development of the faratn in ^I'lnuItM, 
his account of which, in the alweiica of satisfactory figures, is hardly com. 
piehensible. We are also uiiatile, on account o( the fragnientary character of 
the statements made on tbe subject, to decide hoiv foi' Packaud's niure reocat 
I'esearehes (Ho. ^7) as to the struetura of the braiu in Zi'mx/ni can be brought 
into agreement with Pattkn's views. Packard emphasises tlie fact tliat the 
uheliceral ganglion iu Limvliia does not fuse with the brain, but remains distinct. 
The brain projier senda olf only the nerves to the median and lateral eyea, and 
tivo pairs of integumental uervifs (frontal and inferior frontal nerves). li 
uiinsists of three {uirs of lobes : those of the lateral eyes, the median eyea, and 
the cerebral lobea pro]>cr. In the abannce of figures, it is impossible to obtain a 
clear idea of the true relationships of these cerebral lolies, 

Pattbn cotisiilers that the development of the median eijet iu 
LimtiluH clusely resembles the jiroccBsea observed in Scor^no. Here, 
as in the latter, there are two (or perha]«, ftccorJing to Pattkk, four) 
invaginatious which, Bbifliiig bnckivard, unite in the median line to 
form a aae with a common jiosterior ajjerture. This sac gives off 
aiitoriorlj two tubular processes, the blind ends of which, becoming 
apposed to the liypodermie of the cephalo -thorax, are transformed 
into the meiliun eyes, wliile the parta of tlie processes tliat remain 
change into tlie optic nerves. 

The development of the lateral eyes, now made more fully known 
by Watasb (No. 30), is much simpler. We can trace tiie lateral 
eyes back to a highly-differentiated jiart of the ectoderm (hypo- 
dermis). Tlie actual rudiment of the compound lateral eye 
(Fig. 163, la) is a thickened point of the ectoderm (by|K>dermia) 
near the eo-called dorsal ot^u (do), which apparently belongs to 

* [KiNusLKT. in his latent work, withdraws his account of the segmental 
sense orjpins, and would now regard those stnictures as gtunduhir. KISHIXODYK 
(No. 111.) finds four pJiita in tbe developing brain, and regards the lateral eyea 
OS cephalic, not thoracic. — En.] 
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posterior thoracic segment (acconling to Packakd and Pattkn 
third, according to Riko9LEV the fifth; ef. also Fig. 157, 
au and do). The optic area projier (Fig. 163, la) ia bounded at its 
dorsal (median) and ventral (lateral) margins by folde (df and vf), 
which, converging posteriorly till they meet, form the letter V. At 
the point at which the two folds meet, a sliort tubular invagiaation 
of the ectoderm ia formed, exteuiting below ihe surface, bo that the 
V-shaped rudiment becomes Y'shaped. These folds, which are 
composed of very large cells (Fig. 164, d/ and vf), yield new cell- 
material for the formation of younger oramatidia at the margin of 
the optic area. Eaeh oiumatidlum (cm) arises in the form of ( 




simple depression of the ectoderm (I y| d m ) er which the 
cuticle becomes thickened to form a n al 1 us ( ) The manner 
in which the optic nerve of this lateral j mt quite clear. 

Pattek and Kingslet trace it to th n t nd of the lateral 

aenaory organs (p. 350), 

The jwsition of the luternl eyes oC Litaiilui miisl be i«iiaidere(l as very 
remnrkable. Authors are mumimous in attributing these eyra to a ptut-on] 
thoracic BegmBnt of tlio body. They would tbua h«ve a ]ioBitian altogethm 
exceptioaal amoDg the Arthropoda. Although the atatenienta of Patten 
KlHcaLEV just given wouhl to a certain extent vijilain thil 
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rcTiiarkublf tliat, iu spite of thia pcwiition, the iiiiiermtioii of these eyes Ukes 
place, Dat from tlie oorrespoDdmg ventnl ganglia, but from the Itniu. Taking 
into occouDt the close reUtJoiiahip bettreen Zi'niiiliu ftud the Scorpiones, 
which can hardl)' bo denied, we should feel inclitied ta homologiso the Ut«ral 
ejes of Limulus witli tliose of the Scorpiones. The latter lieloiig, without 
doubt, to the ^re-oral cejibalic region of the liody. This bumoln)^, linwever, 
was diaputed by Patten, who rogardod the small lensory organ |Fig. 182, *> 
jnat ileserilied, *.dA disooTered by him, as oorreapuudiiig to the lateral eyn uf 
the Scorpiones. If we consider the diatribntion of the Dervea in the adult 
Limvliis, however, we shall lieaiCate * little before' re^rding the IntenI eyca as 
belonging to that thoraoio segment in whiab they appear to lie. Not only do 
the optic nerves of the lateral eyes conie From the brain, hat n large branch ot 
the itlteglimentitl (frontnl] nerves ari<iing from the brain runs far back in tlie 
lateral {xirts ofthe ceplialo-thorax. We are thus Jiistifieil in ankingwhethcr the 
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lateral parts of the cephalo-thorax whieh carry the lateral eyes do not correspond 
to lateral portions of the pre-oral cephalic region which, during growth, hkvo 
beet) aecondurily shifted backward.* According to this view, only the middle 
part of the cephalo-tliDriLX or the glabella, together vith the parta of the cheeka 
inrdering on the linilis, oonid he Attributed to tbe thoracic seginenti. The 
position ot the facial sutura in the Triiobit«s cimld also be brought into 
agreemeut with this view (p. S37). 

8, ThB AUmtntaiT Canal. 

The anterior and posterior pottiona of the alimentary canal arise 

from ectodermal invaginations (stomodaeura and proctodneum), 

'hich only become connected with the enteron after the first UtvaI 

moult. We Lave already (p. 344) referred to the backward shifting of 
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the oral aperture above which projects an "upper lip." The stomo- 
daeum runs upward and forward, becomes dilated (anterior stomach), 
and then bends sharply backwards to join the enteron. Its strongly 
cuticularised inner wall is longitudinally folded. The anal aperture 
lies immediately in front of the insertion of the caudal spine; the 
proctodaeum is short throughout life. 

The enteron here attains its final form unusually late, a peculiarity 
which recurs in the Scorpiones. During the whole of embryonic 
life the rudiment of the enteron consists of the mass of food-volk 
(Fig. 163, d) which has undergone cleavage, and is divided up into 
polygonal cells, and the surface of which in later stages appears 
covered with a splanchnic layer arising from the mesoderm. At first 
this mass of entoderm retains the spherical shape, but it adapts 
itself later to the form of the embryo. Its anterior region, however, 
which lies in the cephalo-tliorax, very soon becomes divided up into 
lobes by mesodermal septa, which grow in laterally ; these lobes are 
the first rudiments of the digestive gland. There are, at first, six of 
these primary lobes on each side (p. 346), but these soon present a 
branched appearance by the formation of secondary lobes (Figs. 160 
and 161).* In consequence of the development of these mesodermal 
septa and of paired hepatic lobes, the organs lying within the cephalo- 
thorax show a segmentation corresponding to the six thoracic segments. 

The transformation of the solid entoderm into the hollow enteron 
takes place by the increase in number of the yolk-cells near the 
surface, and by their arrangement as a single-layered epithelium, 
which very soon separates from the central mass of yolk, liquefied 
yolk-substance collecting between the latter and the epitlielium. 
The stomodaeum breaks through into the enteron earlier than does 
the proctodaeum. The hepatic lobes become grouped about two 
pairs of efferent ducts, which open into the anterior part of the met- 
enteron. Although the greater number of the hepatic lobes belong 
to the cephalo-thorax, one pair of hepatic tubes which opens into 
the second pair of efferent ducts extends back into tlie abdomen. 

C. rorznation of the Mesoderm. 
The mesoderm arises, as we have already seen (p. 342), as a pro- 
liferation of cells proceeding from the primitive groove and spreading 
out beneath the ectoderm. When the rudiments of the limbs 
appear, the mesoderm splits along the middle line, so that it now 
consists of two mesodermal bands running above the attachment of 

* On the development of the mesodermal septa, cf, p. 354. 
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the limbs, bul connecteil together antei'Iorly anJ posteriorly. Tbe 
space within the Iimb-rudimenta is completely filled with uiesoderm- 
cells. PaireJ, segmental coelomic cnvities soon apppar, as in the 
Arachnids, and nre continued into the limb-rudiments. Many smnll 
spaces arise between the mesoderm-cells, and these unite tn form th« 
coelomic cavities. The enlargement of thoae cavities divides tlie 
mesoderm into a eplanehnic and a somatic layer. Laterally, how- 
ever, these two layers pass into one another, and this single layer 
grows up doraally; this dorsal continuation only splits into d BOmatic 
and a splanchniu layer nt a later staj^'e, after the appearance of the 
heart. A paired, longitudinal thickening develops very soon in the 
single dorsal mesodcrtn-layer ; this is the rudiment of the dop>al 
longitudinal mnecle, and, at the same time, of the points nf iaa^rtion 
of the limb-muscles which run up from the ventral side. These 
latter muscles develop in the mesodermal septa which grow in from 
the ventral and Iiitoral eurfnces, and divide the raass nf food-yolk 
into a num1>er of Iohe:< (originally into six) ; this gives rise to &n 
apparent segmentation of the internal organs of the cephalo-tliorax. 

As soon as the mesodermal plates meet in the middle dorsal line, 
n longitudinal ihiekenins, the rudiment of the heart, arises at their 
point of junction. Kisosibv was unable to decide whether the 
cells which combined to form this thickening belonged exclusively 
to the mesoderm, or whether they should be considered as immi- 
grating yoIk-celU. A lumen soon appears within the rudiment of 
the heart, into which a few cells which have become detached from 
the walls wander, and these change later into blood -corpuscles. Tho 
wall of the tubular lisart now separates from the splauchnic layer, 
but only lul^r from the somatic layer of the mesoderm. 

In later stages of development, the coelom undergoes ilegenerotioOt 
all the spaces of the body-cavity becoming traversed by reticular 
connective tissue. These processes have, however, not yet been 
accurately described. 

Limviut, like the Arachnids, is distinguished by the [mHeesion 
of an inner skeletal body, lying between the ventral chain of ganglia 
and the alimcntiry canal, and consisting of tissue resembling fibro- 
cartilage. This is the entfasterwtm {Fig. 163, en/, and p. 356), which 
serves for the attachment of many groups of muscles. Aecorduig 
to Brooks and nnuci: (No. 10), the eudoaternura arises as a thicken- 
ing of the splanchnic mesoderm on the ventral side of the mass 
of food-yolk (rudiment of the cnteron). 

Packard's " brick-red gland," which we agree with Eat LANKom 




e wanting, but the glnnda open 
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(No. 17) in regarding aa tlie homologue of the coxal glind of the 

Scorpiones, and which is probably to be considered aa a modified 

nephridiuni, js also a derivative of the meeoderm. This paired 

gland which, in the adult, aeems to have no external aperture,* is 

nituated on either side of tho endoatemum, close to the coxal 

joints of the thoracic limbs (second to fifth); it consists of coUed 

anastomosing tubes, massed together, but divided into a longi- 

tndinal body and four vertical lobes. In the young stage observed 

by GoLLANn (No. 13), these latter ar 

outwanl on the coxae of the fifth pair 

of limbs. Acconiing to Kingslbv, 

this organ develops in the eiubryo 

from the meaoderni, and includes 

IMirt of the coeloraic cavity of the 

fifth j>oat-oral segment. Its inner 

end opens out tuto the coelom of 

the fifth post-oral somite. The 

cubical epithelium of the gland 

]msseB into the pavement epithelium 

of the coelomic cavity; the latter 

lepreaenta the end - sac. It thus 

appears es^sentiaHy to resemble in 

structure tlie nephridia of Pm-ii-atiis. ^^i " 

The tubular portion of the gland Pm- i65.-i>,ns'ti"i'"i'i wkhoi through 

' ° IhaibdomlimlappenrJigmoriLOnuru 

first benua anteriorly, the outer part «nibryo. to hinttmif ths ohein ot Ui« 
of this coil forming four more loojia. J^"" p^^' ti',^'t ai " «e^d iii™^Ig 
These new secondary loops develop limbs; o, optrcuiom; K, bnn<!bui 
in each segment into the four lobes 

of the adult gland mentioned above. At the points where the coils 
come into contact, fusion and perforation take place. 

S. Be*pinit«ry Ordain. 

The branchial lainellao (Fig. 165, A') arise at the posterior dorsal 
aide of three of the abdominal limbs (second to fifth) as simple out- 
growths of t)ie bmly-surface. At first they are few in number, but, 
as development progresses, new rudiments of lamellae are continnaliy 
added to the basal segments of these appendages. Kiroslev has 
pointed out that, in the early stages of the development of the gilla, 
the whole region appears slightly sunk below tlie surface, as if 
foreshadowing the formation of the invaginate Inng-booka of the 
Scorpion (Fig. 165, 17a). 

• [See TowiB, App: Lit. Xiphoaura, No. VI.— En.] 
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4. Oeneral Consideratioiu. 

We have already (p. 352) [loinleil out tliat the Xipliosura are 
evidently somewhat closely related to the Trilobites. Certain 
characters which tend to connect the two are specially apparent 
in the young larvae o( Lmiilun (Trilobit« stage), lUeir presence in 
the adult also being undeniable. Here, as in the Trilobitee, the 
anterior region of the body is divided by two longitudinal furrows 
into a middle and two lateral purtion«. The position of the htl«r&l 
eyes agrees in the two groups, but the occurrence of ocelli (median 
eyes) has not yet been fully established in the Ttilobites. The two 
groups further agree in the general configiiratioD of the ccphalo-thorax, 
in the bending under of the anterior part of the cephalic shield, and 
in other points. Our present knowledge of llie cephalic limbs of the 
Trilobitcs seems to indicate that they resembled in structure those 
of the Gigautostraca.* Four pairs of jaw-feet have been found in 
the latter, the last pair having been specially developed, and having 
grown out into broad, oar-like limbs. Various fossil forms of 
Xiphosnra connect Limulus with the Trilohites; among these, 
BdiituruK, by the shape of its ucpholo-thoracic (cephalic) shield, 
which is continued into long cheek-spines, strikingly recalls the 
Trilobite family, THiiudeidae. 

Although the Polaeostraca thus appear to form a single group 
based upon natural relationship, a certain distant relationship to 
the Crustacea is, as we have already pointed out {p. 315), undeniable. 
This is supported cliieQy by the structure of the Trilobite limbs, 
described more in detail by Walcott (No. S),' and by the biramose 
character of the abdominal limbs of Limulut. We have already 
stated why we regard the Palaeostraca and the Crustacea as groups 
of equivalent value, but have abstained from uniting them. We, 
however, think ourselves justified in assuming that they both had 
their origin in a common racial group, the Protostraca, which may 
perhaps also he regarded as the racial group of the Onychopbora — 
Myriopoda series. 

The relationship which appears to exist between the Palaeostraca 
and the air-breathing Arachnida deserves closer consideration. As 
early as 1829, STnAUSS-DttRRHEiH emphasised the near relationship 
between Limtilus and the Arachnida. He based his view chiefly 
on the radial arrangement of the limbs, on the common sternal plate, 
and on the presence of an inner endoskeleton (the endostemumX 
* See Editorial not^, pp. SSS aud 360. 
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lying between the ventral cord and the intestine, which affords 
attachment to numerous groups of muscles. The views of Strauss- 
DCrkhbim were supported on embryological grounds by Ed. van 
Benbden (Xo. 8) in 1871, and J. Barrois in 1878. Glaus also, 
in 1876,* expressed his belief that "the air-breathing Arachnida 
may have been derived from the polygnathan Merostomata (Trilobites, 
Eurypterida, and Xiphosura)." Huxley had also expressed himself 
in a similar way as to the genealogical connection between the 
Arachnida and the Merostomata. The near relationship of the two 
groups has been recently demonstrated in more detail by Ray 
Lankester (No. 16), by means of a careful comparison of the 
structure of Limulua with that of Scorpio, Although Ray Lankester, 
as we think, goes decidedly too far in insisting that Limulus should 
be regarded as an Arachnid, he still deserves credit for having 
established on a broader base the view that the two forms belong 
to the same phylogenetic series. It appears to us that the structure 
of the limbs used for respiration and adapted to aquatic life, the 
absence of the Malpighian vessels, and, moreover, their connection 
with the Trilobites, which are further removed from the Arachnida, 
afford sufficient cause for giving the Xiphosura a more independent 
position. 

We cannot here undertake to enter further upon the palaeonto- 
logical evidence in favour of the genealogical connection between 
the Arachnida and the Palaeostraca. We can only mention that 
among the Gigantostraca, which are nearly related to the Xiphosura, 
forms are found which, in appearance and in the segmentation of 
the posterior region of the body, stand still nearer to the Scorpionee 
than does Linuilus itself. We must confine ourselves to a short 
consideration of the points of comparison between Limulus and the 
Scorpiones. 

In both forms we recognise an anterior region of the body 
(cephalo-thorax) carrying six pairs of limbs, and covered by a dorsal 
shield, having on its upper side two median eyes, and, nearer the 
edge, paired lateral eyes. The median eyes of Limvlvs and of 
Scorpio agree so closely in structure, that we cannot doubt that 
they are homologous. We might take the same view of the lateral 
eyes, even though the numerous unicorneal lateral eyes of Scorpio 
essentially differ from the remarkable lateral eyes of Limulus^ the 
composition of which is very primitive. In this case we should 
have to regard the lateral eyes of Scorpio as of a modified type. 

• Unters. zur Gaxeal, Gntndl, dcr Crustac, Systems, 



Of the BIX piurs of limbs belonging to the cepbalo-thoTss, the 
moat anterior (the chelicerae) shift during develo]iineiit in front 
of the oral aperture, while the pair of ganglia belonging to them 
enter into closer connection with the brain. The five pairs of limbe 
behind these serve for locomotion and niiwticalion. While, in 
Limul'ig, the coxae of all the limbe appear enlarged and hftve 
toothed mastiiatory ridges, ia Scorpio, only the pedipoJps and the 
first two jwirs of ambulatory limbs have basal blade-like structures. 
An upper lip (rostrum, cameras tome), lying in front of the mouth 
between the cheliceme, is common to the two forma ; as also is 
an original paired projection bebiuil the sixth pair of limbs, which, 
in Limulus, is represented by the clularia, but, in Sritrpvi, fuses 
to form a small penlngonal plate found in front of the operculum. 

Behind the cephalo- thorax, in Seorpiones, comes a pre-abdomen 
consisting of seven segments, which is followed by a post-nbiiDmen 
of five segments, with a terminal poisonous spine. If we regard the 
long caudal spine of Ltmulue as the representative of iho i>oisonoua 
spine, we ahidl consider the region usually described as the abdomen 
to be the equivalent of the pre-abdomen and the post'iibdomeD of 
Seorpio. This region, in Limulu*, consists of eight fused segmenle. 
Taking into account certain fossil forms (lidimirue), however, we 
may conjecture that the last of thesG segments, strictly speaking, 
corresponds to several segments which have not separated. The 
resemblance between Lvmtlus and Scorpio finds expression in the 
development of the abdominal limbs. In both forms, rudiments of 
limbs appear in the embryo on the six anterior abdominal segments. 
Of these, the moat anterior pair changes, in Linitdus, into the la^ 
plate-like structure known as the operculum, which is also slightly 
developed in Scorpio, and on the inner side of which lie the genital 
apertures, llie five posterior pairs of Jirabs, in Liniulug, are leaf- 
like, and carry gills, and thus serve for respiration. In Scorpio, the 
most anterior pair develojw into peclines, while the four other pairs 
seem to disappear at the time when the lung-sacs develop. 

In the ^sumption of a uesr relatiousiiip between Limulm and Scorpio, an 
important part is placed by the supposed tntnarnmittion of the gilla of tha 
former into tlio lungs of tlic Utter. In stracture ttie tvo organs allow remark- 
abli agreement. WIiUb, bowarer. carofal uoniideratioD shoirs linw a tninntioii 
may well have takuo pkce from the hook-like gilla of Limulut to the lung-bool: 
of fddTTna.theiv are certain difficulties wbirhKAyLANKRKrKH(Noa. 16 and 20), 
KINOSLRV {No. 14), and MacLeod (No. 21) have Bought to set aside by mcaiu 
of various liyjioUieseB. Ray Laskistbr biniself gave up hia original, vary 
artificial theory, and \v>i siute derived the lung of Scorpio from the gill of 
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Limulus by complete invagination. The limb was not only, according to this 
view, invaglnated as a whole, but each single branchial lamella was separately 
invaginated, the limb, as it were, groviing into the body instead of growing out, 
HO that the intcratices between the lamellae then became the lamellae of the 
book-lung. This view somewhat resembles that of Kii^gbley. It appears to us 
that MacLeod's view is the simplest explanation, and the one best agreeing with 
the facts. MacLeod (No. 21) starts from the assumption that the lamellae of 
the book-like gills are homologous with those of the book-like lungs. The gill- 
bearing limbs of Limxilua are usually closely pressed against the ventral side of 
the abdomen. The branchial lamellae develop only on those u]>per surfaces 
which are pressed against the body. The ventral side of the limbs, in Limulus, 
already shows a depression corresponding to the branchial lamellae. If we 
imagine the respiratory limbs shifted further apart than they are in Limulua, 
and the edges of the depression just alluded to fused with the edges of the leaf- 
like limb, a closed sjmce, the lung-sac, will thus be fomied. The free jwsterior 
edge of the limb would then become the anterior margin of the stigma belonging 
to this sac. By this assumption, MacLeod is able to explain certain features in 
the stnicture of the Arachnid lung : e g., the facts that some of the lung-lamellae 
are free not only at their posterior e«lges, but at their lateral edges also, and that 
the corresponding lung-sacs of the two sides are connected, etc.* 

The ap;rcement in the intern»al anatomy of tlie two forms is no less 
remarkable than that in the outer segmentation of the body and in 
the structure and functions of the limbs. The presence of an 
cndosternura has already been mentioned. We shall hero merely 
recall to mind the large, branched liver, opening through several 
efferent ducts into the intestine, the retifonn rudiment of the genital 
<jjlands, the presence of a circum-oesophageal, arterial vascular rinj^ 
accompanying the oesophageal commissure (and in Limtdus developing 
into an actual vascular sheath), and, finally, the presence of a gland 
(brick-red gland of Liimdtis, coxal gland) on the coxae of the fifth 
pair of limbs (third ambulatory limbs). 

The agreement which we have thus point^^d out in the structure 
and development of Limtilus and of the Arachnida is so remarkable 
that we can hardly avoid the conclusion that the two forms are 
genetically related. We therefore accept the view that the 
Arachnida have developed from the Palaeostraca through adaptation 
to terrestrial life. 

It may be further mentioned here that adaptation to life in fresh water, and 
))0ssibly on land (?) had, perhaps, taken place even in the Gigantostraca them- 
selves. According to Zin'EL (No. 7), they are found in the coal formations 
associated with land plants, scorpions, insects, fish, and fresh water amphibia. 

• [Bernard (App. to Lit. on Trilobita IV.), on the other hand, has endea- 
voured to show that the lung-books of Scorpio developed in situ, as adaptations 
to the circulatory system. He further claims that the Arachnids originally had 
more stigmata than there were respiratory limbs in Limulus, — Ed.] 



PALABOSTRACA. 

A striking featuie in soms of tlie forms (Eiiryptetidu) in tliU gronp is the scalp- 
like marking of the body-pUtes. 

A honiolo^ is nabirslly niKgested, nnil has been orrifd ont bj Bav 
Laxkrhtir, lietneeu the coxsl glauds of the Araubuida snd XiiihoHUrA and ■ 
liair of Crostacean nephridU. This coald only apply to tbc Bhell-gland, wliich 
Iffilongs to Ibe Kgnient of the necond maxill>e, i.e. to tUo fifUi limb-bcBfiu|; 
■egment. We Hhould tlien tiave to homologisc tlie i^helicerae of the Ar»chnida 
with the first pair o{ antttiiiiae of the Cnietaccs, an aHuii]]ition which leema to 
us Romcwhat daring, and not niflicientl; supported by the, structun anrl 
ileTelopnient of the brain in the two groupH. Tbvre is thv less need for a 
homology between the shell-gland of the Crurtacea and the coial gland of 
Limiilus and Scoi'pie, an we have to imagine each body-segment originally 
provided with a pair of glandK of this kind, bu osaiimjilioii nhieli ap)>ears to be 
jiiBtified by a comparison with Peripalim.' 
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A. 

Abdominalia, 220. 
Acanthosonia, 263, 266. 
Acanthotelson, 319. 
Acetes, 266. 
Achthercs, 238. 

— {)ercarum, 242. 
Acidaspis, 338. 
Acrothele, 77. 
Actinotrocha, 5. 

— branchiata, 6. 
Aegidae, 305. 
Aeglina, 338. 
Aetea, 12. 
Agnostus, 339. 

— nadus, 339. 
Albnnea, 290. 
Alcippe, 218, 220, 230. 
Alcyonella = Pluniatella. 

— fungosa, 33. 
Alcyonidiuin, 12. 

— albidum, 14. 

— duplex, 14. 

— gelatinosum, 14. 

— larva, 19. 

— mytili, 20. 
Alima, 297, 301-303. 
Alimerichthus, 302. 
Alpheidae, 271. 
Alpheus, 133, 170. 

— heterochelis, 276. 

— praccox, 275. 
Amathia, 12. 
Amphion, 275. 
Amphiones, 275. 
Amphipoda, 104, 118, 

309. 
Amphithoe, 140, 241. 
Ampyx, 338. 
AiuymoDe, 192. 
Anaspides, 319. 
Anceidac, 305. 
Anceus. 305. 
AnchorcUa, 117, 119,148, 

238. 
Anelasma, 218, 228. 

— squalicola, 220. 



Anisopoda, 104, 304. 
Anomia, 76. 
Anomura, 104, 285. 
Apodeme, 218. 
Apodidae, 167. 
Apseudes, 104, 151, 166, 
304. 

— Latreillii, 304. 
Apterura, 290. 

Apus, 104,105,159,165, 

172, 196, 319. 

— caucriformis, 195,199. 

— productus, 146, 199. 
Archiucrebnim, 166. 
Archizoaea, 311. 

— gigas. 213. 
Arethiisina, 338. 
Argiope, 65, 66. 
Argulus, 104, 105, 244. 

— foliaccus, 245. 
Arionellus, 338. 
Aristeus, 271. 
Artemia, 125, 200. 
Arthobranchiae, 173. 
Arthrostraca, 104, 136, 

148, 247. 
Asaphus, 339. 
Ascopodaria, 91. 
Ascothoracida, 228. 
Ascllus, 114, 118, 149, 

173, 319. 
A8[)er^11ain, 76. 
Astacidea, 251, 275. 
Astacus, 109. 113, 118, 

128,154,172-175,178. 

— fluviatilis, 129-131, 
156-163. 

Asterope, 173. 
Atrcmata, 77. 
Atrypidae. 77. 
Atyephyra, 104, 1 1 0, 133, 

169, 173. 
Avicularia, 49. 

B. 

Balanidac, 173, 209. 
Ealanoglossus, 6. 



Balanoglossus Eupfferi, 

88. 
Balanus, 111, 126, 174, 

210. 

— improviflus, 126. 
Barentsia, 91. 
Basipodite, 194. 
Belinunis, 332, 366. 
Birgiis latro, 289. 
Blastodermic cuticle, 1 1 8. 
Bopyridae, 305. 
Bopyrus, 306. 
Bowerbankia, 12. 
Brachiella, 117, 238. 

— Thpni, 148. 
Brachiopoda, 65-84. 
Brachvura, 104, 290. 
Branch iopoda, 104, 196. 
Brauchipus, 104, 110, 

125,146,159,162.165, 

168,178,181,195,199, 

318. 
Branchiura, 104, 244. 
Brick -red gland, 366. 
Brown body, 17, 28, 43, 

44, 55, 58. 
Bryozoa Ectoprocta, 12- 

64. 
Bryozoa Entoprocta, 91- 

103. 
Buccinum, 220. 
Bugula. 12. 

— calathus, 15. 

— flabellata, 28. 

— larva, 25. 

— ]>lunio8a, 26. 

— simplex, 15. 

— tarbiuata, 15. 
Bythocaris, 274. 
Bythotrephcs, 111, 114, 

120, 204. 

C. 

Calanella, 194. 
Calanidac, 237. 
Caligidae, 237. 
Caligus, 117, 240. 
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Ca|]uiiiisss,11S. 234,285. 
— sulit«j'riiii?a.ll3, 1 
Cslliaxi^, 2S4. 
Calooaris, 284, 3S5. 
Calyptojiis, 2'j-i. 
Gal7ptapisatage,248,2BS. 
CamSarug, 277. 
Caucrion miaer, 307. 
CuitliocaiiiptuB staphj- 
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Capralla, 118, 140, 178. 
Carcinus micnas, 223, 

291, 299, 206. 
CanlloblasU, 177. 
Caridea, 251, 271. 
Caridiua Dennuiiralii, 

274. 
CuriDB, 219. 
Ccllularia, 12. 
Ccllulariim, 12. 
CentropagM, 106, 
CBplialodiBCUB, 6, 88. 
CnratapeU longiremis, 

271. 
Ceratocaris. 318. 
Ceto«liiluB,lD5,in,I20, 

141,169,174,180,190. 

— aeptBuCnoualis, 233. 

— stage, 2:tS. 
Ohaliiuiu, 240. 
Oheraphilus, 273. 
Chilaria, 332. 
ChilostomaU, 12. 
Chondracantbidae, 237, 



lOfl, 



t 



Cliondrscsntliua 
111, a38. 

— corDUtua, 243. 
ChoueUa, 77. 
Chorion (Br}io. Ect),lB. 

— ICrurt-}, lOB, 205. 
Cimpedia, 104,I2«, 209. 
Cladooem. 104. 
Clavella, 117. 
Cleavage, tyiicB of 

(Crust.). 108, HB. 
ComriUmenUlinale,23D. 
Coucnoiiprnia, 219. 
CanocGpliBlit««, 338. 
Copepoda, 104,119,231. 
CopulalionM^II, 118. 
Coratta (Bryo. Ert). 19. 
Colycaeidaf, 233, '238. 
Coxopodite, 194. 
Crangon, 104. 113. 133. 

182. 167. 173, 175.273. 

— mlgam, 274. 
OranzntiidaF, 271. 
Crauia, 7S. 
Craniiclae, 77. 
Criiia, 12. 



Cnutocn, IOi-332. 
Cryptocheles, 274. 
CryptoniscuB stage, 309, 
Cryptophialus, 218, 220. 

230. 
Ct«DOBtoniata, 12. 
Cuiiia, lie. 
Ciimacoa, 104. 118, 119, 

130, 148, 303. 
Cyulalclla ■nnalEdicola, 



178. 

Gyiiiothoidae, 305. 
Cypliaapis, 338. 
CyphunautvB. 17. 
Cypridae. 106. 
Cypnditia,I06, 205,2DS, 

255, 317. 
Cjrprie. 106, 208. 

— TtuciaU, 20fi 

— -like larva, 218, 317. 

— ovum, 205. 

— stage. 209, 318- 

— vidua, 205. 
Cyrtopia. 253. 
Cyslid, 15. 
Cvstigcti hair. 61. 
Cytlieridae, 206, 208. 

D. 

Dalmauitea, 338. 

— snoialia, 337. 
Daplima, 114. 

— Imiciapiiia, 119, 146. 

— similia, 125. 185, 180. 
Daphiiidac. 201. 
Daphuella. 114. 
Decapoda, 104,118, 127, 



228. 
Dioa. 105. 
Dia«tonon>, 12. 
Dicliilestiidae, 237, ! 
Dii;tyocaria, 318. 
Dilooarciaus. 29S, 
Diphyea, 237. 



Disc, ciliated (Brro. 

Eut), 03, 94. 
or retractile [IJrya 

Ect.}. 18. 
Disci ua, 77. 
Duwitiidne, 76. 
DoraalorKBn(Bryn.EllL), 

93. (GiiiaU), 141. 160, 

IPaI.), 344, 350. 
Dromia. 290. 
DruDiiuea. 290. 



Ecanliiica, 78. 
KcliinaatBT, 229. 
EoCocyat. 38. 
RdrioptbalniaU, 104. 
KlaiihoaariB, 283, 265. 
Enditra, \»S. 
Endocyat. 13. 
EudojHidito, 1S4. 
Entomoatraca, 104, 146. 
Eiitouiscidae, 305. 
Epliippium. 105. 
Ejuporlites, 195. 
Epiatanic, 63. 
Ergasilus. 151. 
Erichtliina dciDina, 267. 
ErictitlioidiDaalage, 9BT. 
Kriclithusatage, 297,300, 

303, 
Eripiiia, 114. 178, ITS. 

178. 
— spiiijfrans, 133, 180, 
Eacliam. 12. 
Esaliarina. 1 8. 
Estheria, 104, 106, 1T2, 



1, 318. 



201. 

Estberidae. : 
Eucratea, 12, .., 

— cliaUta. 23. 
Eucopepoda. 104. 
Eupaguni!<,118, 183,174, 

288. 

— BenihanluB, 287. 

Euphausia, 104,161,343, 

264. 
Eaphauaiidae, 173, S4T, 

262, 2fi3. 2B7, S18. 
Eiiryptenu, 333. 
Kii^phi*, 309. 
Exojiodjte, 104. 

F. 

Farflla, 13. 
Fliiatra, 12. 
~ niembranacea, 40. 

— truDcata, IB. 
Fluatrelta, 12. 
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Flustrella hispida, 23. 

— lurva, 21. 

Forked canal (Bryo. 

Ect), 42. 
Formative mass, 51. 
Fredericella, 12. 
FrondiiK)ra, 12. 
Funioiilus, 13, 50. 
Furcilia, 253. 
Fusiis, 220. 

G. 

Gadidae, 237, 241. 
Galathea, 288. 
Galathodes, 2S9. 
Gammaridae, 309. 
Gammanis, 104, 173. 

— fluviatilifl, 111. 

— locusta, 111-118. 

— poecilurus, 140, 

— pulex, 111. 
Gan^lio^en, 170, 
Gebia littoralis, 284. 
CJecarcinus, 251, 296. 
Gelasimus, 296. 
(rigantostraea, 332. 
(Jlaucotlioe, 288. 
Gnatliia, 305. 
Gnathostomata, 104, 232. 
(Jonerichthua, 300. 
Gonodactylus, 300. 
Gram|»sonyx, 319, 
Grapeion, 308. 
Gymiiolaemata, 12. 

H. 

Haley oncllea, 12. 
Halocypridac, 205, 209, 
Halocypris, 255. 
Harpauticus, 111. 
Harpactidac, 206. 
Ilessia colorata, 148. 
Hiheniacula, 54, 
Hippa, 110. 

— taljwidea, 289. 
Hippolytc, 272, 273, 

— polarifl, 274. 
Homanis, 114, 132, 151, 

275. 

— amcricaims, 170, 276. 
Homola, 290. 
Horiicm, 12. 
Hydroeeplialus, 338. 
HymeiK)cari8, 318. 
Hyperiji, 309. 
Hyperidae, 309. 
Hypopliorella, 12, 

I. 

Hmcas, 283. 
Ibla, 230. 



Ibla Ciimiumi, 230. 

— quadiivalvis, 230. 
Illaeuiis, 338. 
lutertentacular organ, 14, 

56. 
l80|)oda, 104, 118, 304, 

J. 
Jiirine, 192. 

K. 

Kentrogen stage, 223. 
Kochlorine, 220. 

L. 

Labrum (Crust.), 156. 
Larval integuments, 118. 
LauraGerardiae,209,228, 
Le{>adidae, 105. 
Lepas, 209, 217, 311. 

— austral is, 212. 

— fascicularis, 212, 214. 

— pectinata, 215, 216. 
Lepralia, 12. 

— metamorphosis, 27. 

— Pallasiana, 24. 

— unieomis, 17. 
Lcptaena, 77. 
Lepto<lora, 114« 146,203. 

— hyalina, 204. 
Leptostracu,104, 152,252. 
Lemaea, 117, 237. 

— brauchialis, 240, 241. 
Lernaeascus, 239. 
Lernaeopoda, 117, 119, 

238. 
Lernai*o{)odidae, 241,306. 
Ligia, 104, 116, 149,319, 

— oceanica, 117, 136. 
Limnadia, 172,201,203. 
Linmetis, 172, 202. 

— brach^iira, 204. 
Limulus, 118, 209, 332, 

340-360. 

— mollucanus, 340. 

— polyphemus, 340. 

— rotundicauda, 340. 
Lingida, 73-76. 
Liothyrina, 69. 
Litliojles, 289. 
Litliotrya, 218. 
Lonchophonis, 289, 
Lophogastridae, 173, 257. 
Lopliophore ( Brach. ), 70. 

— (Bryo. Fxt), 41, 
Loricata, 278. 
Loxosoma. 91. 

— annclidieola, 100. 

— cochlear, 100. 

— Kefersteinii, 100, 



Loxosoma phascolosoma- 
turn, 100. 

— Raja, 100. 

— siugidare, 100. 
Lucifer, 107, 127, 152, 

165, 249, 257, 312. 
Lynceus, 205. 
Lysioerichthus, 300, 303. 
Lysiosquilla, 300, 303. 

M. 

Macnira, 104, 290. 
Maja, 294. 
Maiacostraca, 104. 
Marestia, 296. 
Mastigopus stage, 263. 
Megalo|Mi stage, 251. 
Megerlia, 73, 
Membi-ana limitans, 169. 
Membmnipora, 12. 

— larva, 21. 

— pilosa, 14. 

— zostericola, 21. 
Merocytes, 112. 
Metanauplius, 196, 209, 

249. 
Microporella, 12. 

— malusii, 15. 

' Mieropyle apparatus, 

150. 
Mitraria, 21. 
Moina, 106, 114, 123, 

146, 159, 162, 173, 

177, 180. 

— rectirostris, 147. 
MoUuscoida. 84-90. 

I Monolepis, 296. 
Munida, 289. 
Mysidae, 105, 257, 819. 
Mysis, 104, 117, 151 

153, 159, 162, 168- 
173, 177. 

— chamaeleo, 134. 

— flexuosa, 257. 

— stage, 250. 

— vulgaiis, 257. 
Myto Gaimaniii, 274. 

X. 

Nauplius stage, 119, 190, 

249, 310-313. 
Nelmlia, 104, 105, 118, 

154, 194, 203, 247, 
252, 312. 317, 

Neck gland (Crust), 151. 
Neotremata, 77. 
XephroiMj norvegicus, 

277. 
Notodclphyidae, 105, 

238. 



Nuclial gUnd (Cnist.), 

151. 
Nyctipliauea, 253, 2BB. 

0. 

Obolua, 77. 

— labradorina, 75. 
Otjpoda, 2B«. 
Oiffgis. 33S. 
Olenollus BHphoidcs, 

S3H38. 
OniMnlH, 104. 116, 118, 

140,151.159.180,177. 
OniiciiB, 173, 175. 

— murarins, 140, 
Ooecia, 13, 49. 
OoBtegitos, 106. 
OrliiculoidM. 75, 77. 
Orcheitia. 118,140, 151, ' 

181. I 

Orthis, 77. 
Orlhidna. 77. 
Ostrncods, 104. 
Ovwelln, 13, 40. 



PalMmon, 104. 110. HE, 
118, 131, 174, 273. 

— Potuini, 274. 
— ■ wrratue, ]7P. 
PalaemonutPi, 110, 

— yarians, 274. 

— vulgaris, 274. 
Palaemonidae, 271. 
pBluBQcarii, 31 9. 
raUeoBtroca, 315, 332- 

363. 
PalinuruB, IGl, 278. 

— quadrioomii, 27B. 
lUudicRlIn, 12. 

— Khrenliergii, 48. 
Pandalna, 151. 
Pantopoda, .^16. 
Paracopnlatiou, 119. 
Parad oxides, 338. 
Pangnatlio, 148. 
ParapodopHis, 168. 

Paraaita, 104, 237. 
ParaaUcidaB, 277. 
Paribacus, 283. 
PaCerina labradorica. 75. 
PiL'tiaaUlla. 12. 
PretinoUa, 41. 
Pedioellina, 91. 

— echiiiata, 02, 98. 
Padiccllmopais, 01. 
Peoaoidea, 24B, 257, 267. 
Pcmeas, 114, 1B2, IS4, 

248, 267, 273, 310. 
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Pwipatiis, 1117, !7S, 314. 

356, 380. 
Peteinura gubeniata. 



Plio 






Phoroiiia. 1 , 

— pMnimopliiItt, 10. 

— auBtralis, 82. 
Pbroiiiuia. 800. 
PhvUctolaemata, 12. 

— larva, 32. 
PliylEopoda, 104, 123, 



196. 
PhjIloBoma, 278-284. 

— Diijierryi, 28S. 
Ptniiiiu, 296. 
Platf&'M Hems, 240. 
PUtyaacciis crenatui, 

266. 
Plco]Mida, 106. 
PleuroliranchlaB, 173. 
Ptnmatella, 12. 

— frutifosa, 36. 

— J'utigcMia, S3, 38. 

— polymorplia, 83. 
Podobniniiliiae, 173. 
Podoplitlialmats, 104. 
Polypbunms. Ill, 114. 
Polyijjdo, 15. 

— {Bryo. Eat ), devclon. 
ment of, 37. 

Pontellidae, 232. 



308. 

Portuiins. US, 296. 
Prtmiza, 151, 305. 
Prestvricliiu, 348. 
Proboscidella. 76. 
Prodiiotidae, 76. 
Proetus, 338. 
Frotegiilutn, 75. 
ProtopiKlite, 193. 
PrtiUMti'aca, 314, 333. 
Prototremata, 77. 
Prolozoaea "tage, 119, 

249. 
Paeuderiubthus, 300. 
Paeudodeltidiuni, 77. 
Pseud osquil la, 300. 
Pterygotaa, 332. 
Ptaiyf^uro, 290. 



Pty<:lio[iaria Liiiiiarsaoni, 

3.17. 
Pygidiiim, 333, 
Pyriforiii oruaq (Bi-yo. 

EoL), 18. 



Rodicellata. 12. 
Baniuinpu, 290. 
Katbke's pyrsmida, 109, 

'■;8. 

eueratioQ (Bitokw 

ct.), 55. 
lUtefiora, 12. 
Retinogon, 170. 
Rliabdopkiira, 5, 88. 
Rhab-losoiua, 309. 

Eocepbala. 105, 221. 
Rhynclionetla, 82. 
Rhynclionellidae, 77. 



Sabiuca, 274. 
Socculiiia, 112. 

— oareini, 221-228. 
Sagitta, 68. 

Sao biniita, 334-337. 

Sapphirina, 237. 

ScarpeUnm (balanoidea, 
oniatum, Poronii, re- 
giu[u, toatratum, vill- 
oanin, vulgare), 230. 

— Stroiiiii. 220. 

ScaiihogriatliitB, 161. 
Sctfetina amiato, 2ri7. 
Scbi2ui:raiiis, 77. 
Scbizo]H)da, 104, 131, 

152, 247. 253. 
cbizopoda . like atoin. 

250. 
Schuoporella, IZ 
Sciocaris tclsonu, 286. 
SalerocmDgon boreaa, 

274. 
Scorpio (compared with 

Limulus), 357-380. 
Sorai>ocelIaria, 12. 
Souta, 219, 
Sojllarna, 278-234. 
Sergestea, 249, 263. 
Sergeatidae, 267, 273. 
Serialana lendigera, SI. 
Sida, 114. 
Sididae, 205. 
SiHeUa, 173. 
Solaater, 228. 
Spliaeroiiella 

Lpnckhartii, 24], 
Spbaerotliylacus polj- 

caqwo, 209. 
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Spherical organ (Crust), 

150. 
Spiriferidac, 77. 
8pirot»agiiru8, 288. 
Squilla, 173, 303. 
Squillerichthns, 301. 
SquiUoid stage, 301. 
Statoblasts, 49. 
Stenopus, 271. 
Stolouata, 12. 
Stolonifera, 12. 
Stoniatoi)oda, 104, 247, 

297. 
Stringooephalidae, 77. 
Striiigocephalus, 66. 
Stroi»haeodoiita, 77. 
Stropliomena, 77. 
Suiiaiiiphitlioe, 140, 176. 
Synagoga niira, 228. 
Syncerel)rum, 166. 

T. 

Tauais, 104, 118, 119, 

151, 304. 
Telotreniata, 77. 
Telplmsa, 251. 

— fiuviatilis, 296. 
Tendra zostericola, 15. 

— larva, 21. 



Terebratella coriauica, 

80. 
Terebratula, 65. 
Terebratulidae, 77. 
Terebratulina 65. 

— septentrionalis, 73. 
Terga, 219. 
Testicardines, 65. 
Thalassinidca, 284. 
Thecidiidae, 77. 
Thecidiuni, 65. 

— mediterrancum, 78. 
Thenus, 283. 

Thia polita, 291. 
Thomcica, 209. 
Thoracostraca, 104. 
Traclieliastes, 238, 244. 
Trachclifer, 285. 
Triarthriis, 338. 
Trichodactylus, 296. 
Triloba, 296. 
Trilobita, 332-334. 
Triniicleidae, 356. 
Trinucleus, 339. 

— ornaturi, 338, 
Trochophore larva, 86. 
Tropidoleptus, 77. 
Tubuliiwra, 12. 

— 8er|)eiis, 32. 



U. 

Urnatella, 91. 

V. 

Valkeria, 13. 
Vesicularia, 12. 
— larva, 31. 
Vibilia, 309. 
Vibracularia, 49. 
Victorella, 12. 
Vitelliue membrane, 106. 
Yitellophags, 134. 

Winter buds, 54, 

X. 

XiphosUra, 332, 340. 



Z. 

Zoaea stage, 119, 193, 

249, 310-313. 
Zooecium, 13. 
Zooutocaris, 288. 
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